T>}t." 


Digitized  by  tine  Internet  Arciiive 

in  2007  witii  funding  from 

IVIicrosoft  Corporation 


littp://www.arcliive.org/details/courseofquantitaOOIiartuoft 


A  COUESE  OF  QUANTITATIVE  ANALYSIS 
FOE  STUDENTS 


With  the  Publishcrs 


QUANTITATIVE  ANALYSIS 

FOE  STUDENTS 


W5*T^.'' HARTLEY,  r.R.S. 

PROFESSOR   OF  CHEMISTRY  AND   OF   APPLIED  CHEMI8TBT 
SCIESCE  AA'D  AST  DEPARTMENT, 
ROTAL  COLLEGE  OF  SCIENCE,  DUBLIN. 

S-VICTE-PRE8IDENT  AND  EXAMINER  IN  ANALYTICAL  CHEMISTRY  TO  ' 

INSTITUTE  OF  CHEMISTRY  OF  OREAT  BRITAIN  AND  IRELAND  ; 

EXAMINER  IN  CHEMISTRY  TO  THE  COLLEGE 

OF  PRECEPTORS. 


EonDon 

MACMILLAN   AND    CO. 

AND   NEW   YORK 
1887 

AU  rights 


PrinUdby  R.  &  R.  Clark,  Edinburt^. 


PEEFACE 

"  One  may  be  a  good  analyst  without  having  tried  every  method, 
or  determined  every  body." — Feesenitjs. 

It  is  believed  by  the  author  that  the  following 
examples  will  prove  as  useful  elsewhere  as  in  his 
own  laboratory.  The  methods  of  analysis  employed 
are  such  as  have  been  found  accurate  and  useful. 
They  are  taken  from  various  sources,  such  as  the 
invaluable  treatise  on  Quantitative  Analysis  of  Fre- 
senius,  Fr^cis  d! Analyse  Chimique  of  Gerhardt  and 
Chancel,  Sutton's  Volumetric  Analysis,  Lunge  and 
Hurter's  Alkali-Maker* s  Pocket-Book^  and  many  other 
publications. 

Some  few  of  the  methods  and  arrangements  are 
original.  The  examples  worked  out  have,  for  the 
most  part,  been  copied  fi'om  the  students'  notebooks 
during  the  past  session.  The  number  of  examples 
might  have  been  increased,  but  it  was  not  considered 
judicious  to  enlarge  the  work. 
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All  the  analytical  operations  involved  are  such 
as  can  be  carried  out  without  the  use  of  com- 
plicated apparatus. 

To  the  student  it  may  be  remarked,  that  to 
be  a  good  analyst  does  not  necessitate  a  profound 
knowledge  of  chemistry,  nor  does  the  possession  of 
extensive  knowledge  and  a  brilliant  intellect  enable 
one  to  dispense  with  practice  in  the  execution  of 
analytical  operations. 


Royal  College  of  Science,  DubliNj 
6th  May  1887. 


QUANTITATIVE  ANALYSIS 


WEIGHTS    AND    MEASURES    OF    THE 
METRICAL    SYSTEM 


Metre. 

1 

Millimetres. 
=        1000 

Abbreviations, 
m.m. 

Centimetres. 
=       100 

cm. 

Decimetres. 
=      10 
Cubic 
Centimetre.                                          Gram. 
1       of  water  at  4°  C.  weighs  1 

Am. 

Abbreviations. 

Cubic 
Centimetre. 

1000      „ 

Litre. 
„       measure  1 

L. 

Grams. 
1000      „ 

Kilogram. 
„       weigh     1                  kilo. 

Gram. 
1 

Milligrams. 
=        1000 

Abbreviations. 
inl.gr. 

Centigrams. 
=       100 

c.gr. 

Decigrams. 
=      10 

d.gr. 

s 
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A  litre  flask  when  filled,  so  that  the  lowest  point  of 
the  meniscus  coincides  with  the  mark  on  the  neck, 
should  hold  998  grams  of  distilled  water  weighed  with 
brass  weights  in  air  at  15°  C,  and  at  normal  pressure 
760  m.m.  The  volume  of  this  quantity  is  equivalent  to 
that  of  1  kilo,  of  water  weighed  in  vacuo  at  4°  C,  i.e. 
1000  c.c. 


English  Equivalents. 


Metre. 
1 

= 

Feet.                 Inches. 
3-280899,  about  39 

Gram. 

1 

= 

Grains. 
15-432 

Kilo. 
1 

Pounds 

Avoirdupois. 
2-2046 

Litre. 

1 

= 

Gallon. 
0-2201 

Inch. 
1 



m.m. 
25-3995 

Gallon. 

1 

= 

CO. 

4536 

Quart. 

1 

^ 

cc. 
1134 

Pint, 

1 

cc 
567 
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English  Equivalents — Continued. 


Cubic 

Inch. 

c.c. 

1       = 

16-3862 

Fluid 

Ounce. 

c.c. 

1       = 

28-35 

Pound 

Avoirdupois. 

Grams. 

1       = 

453-6  nearly 

■• 

Ounce 

Avoirdux)ois. 

1 

Grams. 

437J  grains  = 

28-35 

Pound 

Troy. 

Grams. 

1       = 

373-24195 

Ounce 

Troy. 

1 

Grams. 

480  grains   = 

31-1035 

Avoirdupois. 

Gallon.           lbs. 

oz. 

Grains. 

1        =       10       = 

160      = 

70,000 
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Tables  giving  the  Dimensions  op  Various 

Pieces  of  Apparatus. 

Beaker  Glasses. 


Diameter  across  bottom. 

Height. 

Contents. 

Inches. 

Millimetres. 

Inches. 

Millimetres. 

Cubic  centimetres. 

H 

90 

H 

165 

1050 

3: 

80 

6 

150 

880 

3 

76 

^h 

137 

715 

H 

62 

4| 

120 

515 

H 

56 

H 

105 

365 

2 

51 

3| 

95 

260 

If 

45 

H 

89 

190 

li 

40 

2i 

70 

125 

H 

35 

2i 

63 

85 

u 

30 

n 

55 

60 

Porcelain  Basins. 
("With  round  bottoms. ) 


Diaii 
Inches. 

neter. 

Millimetres. 

Capacity. 
Cubic  centimetres. 

3 

76 

50 

3J 

84 

70 

44 

105 

160 

6} 

141 

soo 
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Porcelain  Crucibles. 


Greatest 
Inches. 

diameter. 
MUUmetres. 

Hei 
Inches. 

Sht. 
MilUmetres. 

Capacity. 
Cubic  centimetres. 

21 

67 

11 

45 

70 

IJ 

43 

n 

29 

17 

U 

33 

1 

26 

10 

1 

24 

1 

19 

4 

Rose's  Crucible  for  heating  Sulphides  in  a  Current  of 
Hydrogen  or  Sulphuretted  Hydrogen — 

Greatest  diameter       .     1^  inches.        28  millimetres. 
Height       .         .         .     li        „  39 

Length  of  tube  .        -51        ,,  139         ,, 

The  tube  projects  through  a  hole  in  the  lid  J  inch  within  the 
crucible. 


I 

In< 

Ihes 

3                                            4 

* 

1            1 

1            1 

J^ 

lllllllll 

llllillll 

lllllllll 

IIIIIIIIMIIIIIIII 

IIIIIIIIMIIIIIIII 

lllllllll 

lllllllll 

lllllllll 

Millimetres  ai 

d    Centimetres 

INTRODUCTION 

Chemical  analysis  is  the  art  of  determining  the  exact 
composition  of  substances  and  stating  the  proportions 
of  their  components  in  an  intelligible  form.  In  most 
cases  it  is  based  upon  the  separation  of  the  constituents 
in  the  condition  of  definite  and  imalterable  compounds 
of  known  composition  in  a  state  of  perfect  purity ;  ascer- 
taining the  weight  of  the  compounds  obtained  from  a 
given  quantity  of  the  material,  and  calculating  the 
amount  of  one  or  more  of  the  elements  it  contains. 

The  operations  which  this  process  involves  are 
generally  the  following  : — 

Selecting  or  sampling.  Precipitating. 

Pulverising.  Decanting  and  syphoning. 

Weighing.  Filtering. 

Drying.  Washing. 

Dissolving.  Igniting  or  burning. 

No  series  of  operations  requires  greater  nicety  in 
handling,  care  and  patience  in  execution,  attention  to 
details,  and  closer  observation,  than  such  as  may  be 
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employed  in  the  analysis  of  a  single  mineral.  The 
mechanical  and  chemical  operations  are  only  a  part  of 
the  process  of  analysis;  the  calculation  of  the  results, 
the  deductions  therefrom,  and  the  final  statement,  are 
details  of  equal  importance.  For  technical  purposes  it 
is  frequently  unnecessary  to  determine  the  quantity  of 
more  than  one  constituent ;  for  instance,  all  we  require 
to  know  about  bleaching  powder  is  the  quantity  of 
chlorine  which  is  available  for  the  purpose  of  bleaching, 
and  a  simple  estimation  of  this  may  readily  be  made  by 
the  method  of  volumetric  analysis,  which  will  be  described 
later. 

Some  of  the  above  operations  which  require  par- 
ticular care  may  now  be  described  in  detail. 

Pulverisation. — Substances  to  be  analysed  should 
be  reduced  to  powder,  for  not  only  are  they  thus  ren- 
dered more  easily  soluble,  but  an  average  sample  may 
be  taken  from  a  powder  which  often  would  be  impossible 

from  a  solid.  Substances 
which  are  not  hard  may 
be  ground  in  a  porcelain 
mortar.  Hard  minerals  are 
crushed  to  powder  in  a  steel 
mortar  (Fig.  1),  which  is  seen 

Fio.  1.— steel  Mortars  for  cniBhlng 

Mineraia.  to  be  composed  of  three  parts 

fitting  one  into  the  other,  the  dimensions  of  which  are  : 
outside  diameter  of  base,  8  J  inches ;  inside,  4 J  inches ; 
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height,  3  J  inches  ;  outside  diameter  of  body,  5  inches ; 
inside,  3  inches ;  height,  6  J  inches ;  pestle,  total  length, 
11 J  inches. 

The  powder  obtained  from  the  mineral  is  turned 
over  and  crushed  again,  so  that  the  coarser  particles  are 
reduced  as  far  as  possible  by  crushing.  The  mineral  is 
sifted,  and  the  finer  particles  are  ground  in  a  mortar 
made  of  agate,  which  may  be  2  J  to  5  inches  in  diameter, 
until  there  is  no  feeling  of  grittiness  when  the  powder 
is  taken  between  the  fingers.  Minerals  in  large  pieces 
may  be  broken  on  an  anvil  with  a  hammer,  the  substance 
being  wrapped  in  strong  brown  paper  to  prevent  the 
fragments  being  scattered.  In  dealing  with  siliceous 
minerals  and  with  certain  iron  ores,  the  fineness  of  the 
powder  and  careful  mixing  have  a  most  important  bear- 
ing not  only  upon  the  time  spent  in  preparing  a  solution 
of  the  substance,  but  also  upon  the  success  of  the  analysis. 
Metals  and  alloys  may  be  taken  in  the  form  of  clippings, 
wire,  foil,  or  sheet,  or  as  filings,  turnings,  or  borings. 
Small  quantities  of  minerals  should  be  crushed  in  a 
diamond  mortar,  which  is  placed  on  a  solid  block 'of 
wood  and  struck  with  a  hammer  (see  Fig.  1).  The  small 
diamond  mortar  is  in  construction  similar  to  the  large 
instrument. 

Weighing. — For  simple  experiments  a  good  apothe- 
cary's balance,  turning  with  iV  of  a  grain,  is  very 
convenient.     For  most   analytical   purposes  a  balance 
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which  will  turn  with  a  milligram  is  sufficiently  sensitive. 
The  weights,  for  the  sake  of  convenience,  should  diminish 
from  50  grams  to  1  milligram.  Each  student  should  be 
provided  with  his  own  weights,  and  they  should  range 
at  least  from  10  grams  downwards.  Delicate  balances 
should  be  constructed  in  the  manner  sho^vn  in  Fig.  2. 
This  instrument  will  carry  200 
grams  in  each  pan,  and  turn 
with  tV  of  a  milligram.  The 
edges  and  planes  upon  which 
the  beam  and  pans  are  sup- 
ported are  of  agate.  The 
beam  is  triangular  in  form, 
and  made  of  aluminium-bronze 
gilt.  When  not  in  actual  use 
the  beam  and  pans  are  prevented  from  moving.  The 
mechanism  which  allows  of  or  arrests  the  movement  of  the 
balance  is  controlled  by  a  handle  seen  on  the  left  side. 
This  position  is  so  convenient  that  no  fine  balance  should 
be  purchased  which  has  any  other  arrangement.  Accuracy 
in  weighing  depends  largely  upon  the  ease  and  rapidity 
with  which  the  operation  is  conducted.  The  observer 
should  be  comfortably  seated,  and  should  not  be  obliged  to 
place  the  arms  or  hands  in  any  constrained  or  awkward 
position.  The  light  should  fall  on  the  instrument  from 
the  left-hand  side,  or  from  overhead,  and  full  on  the 
front  of  the  balance  case.     At  the  back  of  the  balance 


Fig.  2.— Balance. 
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should  be  a  white  wall  or  a  screen  of  ground  glass  or 
paper.  A  special  gas-lighting  arrangement  is  made  to 
fit  on  to  the  top  of  the  balance  if  ordered,  and  it  is 
found  to  be  very  convenient ;  it  reflects  the  light  down 
through  the  glass  in  the  top  of  the  case. 

The  quantity  of  substance  to  be  taken  for  analysis 
depends  very  much  upon  the  number  of  the  constituents 
to  be  determined  and  the  sensitiveness  of  the  balance. 
The  quantities  usually  weighed  out  are  from  1  to  2  grams, 
and  sometimes  as  much  as  5  grams  or  even  20  grams. 
Substances  should  never  be  weighed  while  warm,  and 
they  should  always  be  allowed  to  cool  in  an  atmosphere 
free  from  moisture. 

Filtration. — The  best  of  filter  papers  should  always 
be  used.  Those  made  by  Schleicher  and  Schiill,  No.  589, 
are  most  excellent,  since  they  are  almost  free  from  ash, 
the  lime  salts  having  been  extracted  with  hydrochloric, 
and  the  silica  with  hydrofluoric,  acid.  As  they  do  not 
filter  very  fine  precipitates  well,  it  is  sometimes  useful  to 
have  a  packet  of  No.  595,  harder  and  closer  grained 
paper.  The  most  useful  sizes  are  9  and  11  cm.  in 
diameter.  The  operation  is  greatly  facilitated  by  boil- 
ing the  liquid  before  precipitation  {when  this  is  possible) 
and  filtering  hot  It  may  be  hastened  by  extracting  air 
from  a  flask  into  which  a  solution  is  being  filtered,  so 
that  the  pressure  of  the  atmosphere  bears  upon  the  liquid 
and  forces  it  through  the  paper.     For  filtering  under 
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pressure  a  water  vacuum-pump  is  required ;  furthermore, 
the  filter- paper  must  be  made  to  fit  accurately  to  a 
funnel  with  perfectly  straight  sides  inclined  at  an  angle 
of  60°.  It  should  be  toughened  by  dropping  strong 
nitric  acid  of  1"42  sp.  gr.  on  to  the  apex  of  the  filter. 
The  filter  is  then  filled  with  water,  the  air  is  exhausted 
from  the  flask  with  which  it  is  connected,  and  in  a 


Fig.  3.— Dccantation  and  Filtration. 


minute  or  two  the  acid  is  washed  out  of  the  paper. 
The  filtered  water  which  is  acid  may  be  thrown  away. 
Another  quick  filtering  contrivance  consists  of  a  long 
glass  tube  (18  inches),  with  a  loop  in  it;  it  is  connected 
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with  the  beak  of  the  funnel  by  an  india-rubber  joint 
(Fig.  3).  In  order  that  it  may  work  satisfactorily,  water 
must  be  poured  upon  the  filter  as  fast  as  it  runs  through, 
so  as  to  keep  the  tube  filled  with  runniug  water;  of 
course  on  this  account  the  tube  must  not  be  too  wide. 
The  most  convenient  form  of  filter-pump  is  Arzberger 
and  Zulkowsky's,  as  it  works  with  water  at  low  pressure, 
and  there  is  no  danger  of  water  going  over  into  the 
exhausted  vessel 

Ignition. — Crucibles  may  generally  be  heated  suflfi- 
ciently  strongly  over  a  good  Bunsen  burner ;  when  the 
temperature  must  be  high,  the  crucible  is  surrounded 
by  an  iron  jacket  consisting  of  two  hollow  frustrated 
cones  with  their  bases  applied  to  each  other.  A  still 
higher  temperature  is  obtained  with  a  gas  blowpipe  or 
a  blast-lamp.  It  is  very  important  in  certain  processes 
that  no  reducing  gases  from  the  flame  gain  access  to 
the  crucible,  but  at  the  same  time  it  is  necessary  that  the 
crucible  be  heated  on  its  side.  Reduction  need  not  be 
apprehended  if  the  tip  of  the  flame  only  be  allowed  to 
enter  the  crucible. 

GENERAL  DIRECTIONS. 

1.  Never  weigh  a  substance  directly  on  the  pan  of 
a  balance,  but  always  place  it  in  a  weighed  watch-glass, 
a  weighing-tube,  test-tube,  crucible,  or  some  other  vessel. 
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The  object  of  this  is  twofold :  first,  to  keep  the  balance 
clean;  secondly,  to  ensure  correct  weighings.  When 
the  balance  is  slightly  out  of  equilibrium  an  incorrect 
weighing  may  be  avoided  by  weighing  the  substance  in 
a  previously  counterpoised  vessel 

2.  Be  particular  in  arresting  the  balance  before  placing 
anything  on  the  pans,  or  removing  anything  therefrom. 

3.  In  placing  weights  upon  the  balance,  do  so  in 
their  regular  order,  beginning  with  the  heaviest,  and 
count  their  values  from  the  empty  places  in  the  box. 
Check  the  values  of  the  weights  in  returning  them  to 
their  places. 

4.  Always  heat  your  crucibles,  allow  them  to  cool 
in  a  desiccator,  and  weigh  immediately  before  use ;  even 
if  the  weight  has  been  previously  ascertained  it  should 
be  verified. 

5.  Bear  in  mind  that  a  weight  wrongly  recorded  may 
destroy  the  entire  value  of  an  analysis. 

6.  Always  pour  reagents  do^vn  the  side  of  beakers  or 
basins  in  order  to  avoid  splashing. 

7.  In  pouring  liquids  from  a  beaker,  flask,  or  basin, 
the  lip  of  the  vessel  should  be  slightly  greased  outside 
and  up  to  the  edge.  Always  place  a  glass  rod  against 
the  lip  of  the  vessel,  so  that  it  passes  almost  vertically 
below  it  for  2  or  3  inches  (Fig.  3). 

8.  Do  not  use  funnels  which  are  fluted  inside,  or  into 
which  the  filter  paper  does  not  fit  closely. 


MANIPULATION  15 


9.  Never  pour  a  liquid  on  to  the  apex  of  a  filter,  but 
direct  it  against  its  side. 

10.  Always  moisten  filters  before  use. 

11.  Never  use  glass  rods  the  ends  of  which  are  not 
rounded  and  smooth,  otherwise  they  scratch  the  bottoms 
of  beakers  and  render  them  liable  to  breakage. 

1 2.  When  filtering  into  a  beaker  the  tip  of  the  funnel 
should  touch  the  side  of  the  vessel  to  avoid  loss  by 
splashes  of  liquid. 

13.  Never  use  rickety  stands  for  filters  or  crucibles. 

14.  The  work-table  should  be  kept  scrupulously  clean 
and  dry.  As  far  as  possible  vessels  containing  liquids 
and  funnels  containing  precipitates  should  be  covered  to 
keep  out  impurities.  Funnels  placed  in  the  drying  oven 
may  be  covered  with  paper. 

Caution  in  the  Use  of  Platinum  Vessels. 

15.  A  platinum  crucible  should  never  be  used  for  the 
ignition  of — 

Reducible  metallic  compounds. 

Arsenical  compounds. 

Caustic  alkalies. 

Alkaline  nitrates. 

Reducible  and  fusible  phosphates. 

16.  Nitric  acid  should  not  bo  placed  in  platinum  in 
presence  of  a  chloride,  nor  should  hydrochloric  acid  in 
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presence  of  a  nitrate.     These  mixtures  would  dissolve 
some  of  the  platinum. 

17.  Platinum  vessels  should  always  be  cleaned  after 
use  and  polished  with  carefully  sifted,  fine  sea-sand. 
The  particles  of  such  sand  have  rounded  edges,  and  so 
burnish  rather  than  scratch  the  surface.  Stains  should 
be  removed  by  fusing  acid  potassium  sulphate  in  the 
crucible,  or,  if  on  the  outside,  by  heating  the  crucible 
and  dipping  it  into  the  powdered  salt ;  that  which 
adheres  is  fused  by  heat  and  allowed  to  run  over  the 
surface.  Boiling  in  sulphuric  acid  is  frequently  effi- 
cacious. 

18.  A  smoky  flame  should  never  be  allowed  to  play 
upon  a  platinum  vessel,  nor  a  flame  which  shows  by  its 
colour  that  it  contains  zinc  or  copper. 

19.  Platinum  should  not  be  placed  in  contact  with 
supports  of  galvanised  iron,  brass,  or  copper  when 
heated;  but  iron  triangles,  covered  with  the  stems  of 
tobacco  pipes,  platinum  foil,  or  asbestos  cloth  tied  on 
with  platinum  wire,  may  be  used.  Best  of  all  is  a 
triangle  of  stout  platinum  wire.  Ignited  asbestos  card- 
board is  a  convenient  flat  support  for  hot  crucibles  to 
stand  upon. 

20.  Crucible  tongs  should  be  tipped  with  platinum. 
Iron  tongs  may  be  used,  provided  they  are  kept  well 
polished  and  that  the  tips  are  smooth.  Pure  nickel 
tongs  are  still  better. 


MANIPULATION  17 


21.  Every  analysis  of  a  mineral  should  be  preceded 
by  a  very  complete  qualitative  examination.  Mistakes 
often  occur  through  this  preliminary  analysis  being 
neglected  or  not  executed  with  sufficient  care. 

It  will  be  seen  by  several  of  the  examples  which  are 
quoted  that  many  constituents  occur  in  small  quantities 
in  minerals  and  alloys  which  would  certainly  have  been 
overlooked  had  only  the  usual  constituents  been  esti- 
mated. 

Directions  for  Burning  a  Filter. 

It  is  advisable  to  proceed  in  the  following  manner. 
When  the  precipitate  is  dry,  place  the  platinum  crucible 
on  a  white  plate  of  about  5  inches  diameter,  carefully 
remove  the  filter  from  the  funnel,  and  gently  squeeze  it 
so  as  to  loosen  the  precipitate.  With  great  care  shake 
out  the  precipitate  into  the  crucible  without  spilling 
even  the  most  minute  particle.  Such  particles  as  may 
still  adhere  to  the  paper  are  loosened  by  gently  rubbing 
the  inner  surfaces  of  the  folded  filter -paper  together. 
Should  some  of  the  particles  fall  upon  the  plate,  the 
crucible  is  transferred  to  a  sheet  of  white  or  black 
glazed  paper,  and  the  particles  are  removed  with  a 
camel's -hair  brush  or  a  feather  from  the  plate  to  the 
crucible.  Should  a  particle  or  two  fall  on  the  paper  it 
may  in  a  similar  manner  be  transferred  to  the  crucible 
which  has  again  been  placed  upon  the  plate.     The  filter 

c 
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is  then  flattened  so  that  the  paper  is  folded  in  four,  it  is 
folded  again  so  that  the  radius  is  doubled  upon  itself, 
and  then  it  is  rolled  up  very  tightly  and  bound  round 
with  about  18  inches  of  some  moderately  thin  platinum 
wire;  the  wire  thus  takes  the  form  of  a  helix,  with  a 
straight  piece  projecting  at  either  end.  One  of  these 
ends  should  be  3  inches  long  at  least.  The  filter  is 
then  held  over  the  mouth  of  the  crucible,  and  the  flame 
of  a  Bunsen  burner  is  applied  to  it  until  it  has  fairly 
taken  fire ;  it  is.  allowed  to  burn  until  the  paper  is  con- 
sumed. There  generally  remains  a  skeleton  of  carbon, 
which  requires  the  point  of  the  Bunsen  flame  to  be 
applied  to  ensure  complete  combustion.  When  the  ash, 
shrunken  within  the  helix  of  platinum,  has  become  white 
or  at  least  a  light  grey,  the  wire  may  be  gently  tapped 
on  the  edge  of  the  crucible  and  the  contents  allowed  to 
fall  in.  In  the  event  of  particles  adhering  to  the  wire, 
pull  the  two  ends,  and  so  open  the  helix  slightly ;  this 
dislodges  the  ash  if  the  wire  is  again  gently  tapped. 
Other  particles  adhering  more  firmly  may  be  removed 
to  the  crucible  either  by  means  of  a  feather  or  camel's- 
hair  pencil.  The  weight  of  the  filter-ash  is  obtained  by 
burning  several  filters  one  after  the  other,  and  weighing 
all  the  ashes  in  a  crucible  together. 
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The  Use  of  Weighed  Filters. 

Certain  substances  which  cannot  undergo  calcination 
are  collected  on  filters  previously  weighed,  which  are 
then  weighed  again.  Filtration  in  such  cases  cannot 
conveniently  be  conducted  with  a  filter -pump,  as  the 
toughening  of  the  paper  alters  its  weight.  To  dry  the 
filter,  fold  it  ready  for  use,  and  then  place  it  on  a  watch- 
glass  a  little  more  than  2  inches  in  diameter,  by  the  side 
of  a  beaker  3 J  inches  high  and  2  inches  in  diameter. 
They  stand  on  a  clean  sheet  of  paper  in  the  water-bath. 
After  being  heated  for  two  hours  the  filter  is  put  into 
the  beaker,  covered  with  the  watch-glass,  allowed  to  cool 
in  a  desiccator,  and  weighed.  The  weighings  are  repeated 
half-hourly  until  the  weight  is  constant  When  the  pre- 
cipitate has  been  collected,  the  filter  and  contents  are 
dried  as  far  as  possible  in  the  funnel  and  then  removed 
and  folded  up  to  be  dried  completely  in  the  same  manner 
as  the  empty  filter. 

Capsules  for  holding  filters  can  be  made  by  choosing 
two  test-tubes  of  the  largest  size,  one  of  which  fits 
accurately  within  the  other.  The  smaller  tube  is  cut 
in  two  at  3  inches  from  the  bottom,  the  larger  at  a 
distance  of  2  inches.  The  bottom  of  the  larger  tube 
then  makes  an  air-tight  capsule  to  the  other.  The  sharp 
edges  of  the  glass  should  be  gently  heated  in  the  lower 
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part  of  the  mantle  of  a  Bunsen  flame  so  as  to  round 
them  without  distorting  the  glass  by  softening  it  too 
much. 

Atomic  Weights. 

The  question  as  to  the  atomic  weights  to  be  employed 
in  the  necessary  calculations  is  one  which  requires  some 
consideration.  We  have  four  series  of  numbers :  Firstj 
those  in  common  use ;  Second,  those  based  upon  the 
accurate  determinations  of  Stas ;  Thirds  those  calculated 
by  F.  W.  Clarke  from  the  data  of  various  investigators 
in  which  H  =  1  •  and  0  =  15  "963 ;  and  Fourth,  the  numbers 
derived  in  a  similar  manner  by  Van  der  Plaats,  but  with 
0  =  16.  For  commercial  purposes  it  is  almost  as  neces- 
sary to  use  the  ordinary  atomic  weights  as  it  is  to  buy  and 
sell  by  the  legalised  weights  and  measures.  For  scientific 
purposes  it  is  of  advantage  to  use  those  numbers  which 
are  known  to  be  the  most  accurate;  and  as  the  sub- 
stances to  be  weighed  are  oxides,  sulphides,  sulphates, 
or  other  oxidised  compounds,  it  is  more  convenient  to 
regard  oxygen  as  having  an  atomic  weight  of  16  rather 
than  15-963. 
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The  atomic  weights  variously  appear  thus : — 

(1) 

Commonly 

used. 

(2) 

Revised 

Numbers. 

(3) 
F.  W.  Clarke. 

(4) 

Van  der 

Plaats. 

Mn 

65 

54-8 

53-9 

55 

Fe 

56 

55-9 

55-91 

56 

I 

127 

126-53 

126-55 

126-86 

Al 

27-5 

27-32 

7-01 

27-08 

Pt 

197 

196-7 

194-41 

194-9 

K 

39 

39-04 

39-02 

39-144 

Cr 

52-5 

52-4 

52-01 

52-3 

Cu 

63-5 

63-0 

63-17 

63-33 

a 

35-5 

35-37 

35-37 

35-456 

With  Fe  and  K  there  will  be  no  serious  error  intro- 
duced by  the  use  of  one  or  other  of  the  series  of  numbers, 
but  the  atomic  weights  of  the  other  elements  differ  more 
widely.  To  obviate  difficulties,  wherever  a  calculation 
appears,  the  atomic  weights  used  will  be  quoted.  The 
atomic  weights,  according  to  Van  der  Plaats,  are  given 
at  the  end  of  the  volume. 

Keagents. 

All  the  solutions  used  as  reagents  are  made  as  far 
as  possible  of  such  a  strength  that  they  contain  reacting 
weights  in  equal  volumes. 

Thus  1  litre  of  sulphuric  acid,  unless  specified  as 
strong  acid  or  as  oil  of  vitriol,  contains  98  grams  of  HjSO^. 
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This  quantity  will  react  with  barium-chloride  solution, 
volume  for  volume,  or,  in  other  words,  the  barium 
chloride  contains  208  parts  of  BaClg  per  litre.  This 
will  liberate  71  parts  of  HCl,  and  accordingly  the  hydro- 
chloric acid,  unless  otherwise  specified,  contains  71  parts 
HCl  per  litre,  which  in  turn  reacts  with  56  parts  CaO 
to  form  CaClg.  The  solution  of  potash  contains  94 
parts  KgO  per  litre,  or  the  quantity  which  will  exactly 
neutralise  the  sulphuric  and  the  hydrochloric  acids. 
These  weights  may  be  expressed  thus — 

H2SO4      98  parts 


1000 

1000 

2HCI 

71 

1000 

1000 

BaCl, 

208 

1000 

1000 

K.0 

94 

1000 

1000 

2HN03 

126 

1000         1000 

In  many  cases  it  is  found  very  convenient  to  roughly 
weigh  out  quantities  of  reagents  in  the  solid  form,  and 
to  dissolve  in  water  immediately  before  use.  But  it  is 
more  advantageous  to  use  measured  volumes  of  solutions 
of  kno'svn  strength. 
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INTRODUCTORY  EXAMPLES. 

By  performing  the  simple  analytical  processes  which 
will  now  be  described,  it  is  easy  to  realise  the  meaning 
of  the  atomic  weights  and  equivalent  weights,  and  within 
certain  limits  to  verify  the  following  numbers. 

All  the  weighings  excepting  those  in  Example  4 
were  made  with  a  good  pair  of  apothecary's  scales. 

Atomic  Weights.    Equivalent  Weights. 


Silver       . 

108 

108 

Magnesium 

24 

12 

Lead 

207 

103-5 

Iron 

56 

28 

Copper     . 

63-3 

31-65 

Oxygen 

16 

8 

Zinc 

65-3 

32-65 

1.  DETERMINATION  OF  LEAD  IN 
LITHARGE. 


Take  a  piece  of  hard  glass-tube  10  inches  long  and 
half  an  inch  to  an  inch  in  diameter,  of  the  kind  known 
as  "  combustion-tube,"  draw  out  the  tube  in  the  middle 
into  two,  and  seal  one  end  of  each  so  as  to  make  two 
strong  test-tubes.     Sometimes  moisture  condenses  within 
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the  tubes;  dry  by  making  them  hot,  and  sucking  out 
air  with  another  tube. 

Draw  out  a  piece  of  the  same  tube  so  as  to  taper  at 
each  end  to  about  Jth  of  an  inch  in  diameter;  that  portion 
in  the  middle  which  does  not  taper  need  not  be  more 
than  J  an  inch  in  length.  One  of  the  taper  ends  is 
now  made  about  an  inch  long,  the  other  3  inches.  The 
former  is  intended  to  be  adapted  to  an  india-rubber-tube 
connected  with  the  gas  supply;  the  latter  is  intended  to 
fit  into  the  test-tube ;  the  thick  portion  forms  a  loose- 
fitting  stopper.  Weigh  the  test-tube,  and  into  it  put 
sufficient  litharge  to  increase  its  weight  by  2*23  grams. 
Place  the  tube  in  a  stand  in  a  position  almost  horizontal, 
pass  in  a  current  of  coal-gas,  and  heat  the  litharge  at 
first  gently,  holding  the  gas-burner  in  the  hand  and 
keeping  the  flame  in  motion.  Finally,  when  it  is  seen 
that  lead  is  formed  in  some  quantity,  heat  strongly  to 
melt  it  into  globules,  cool  in  the  current  of  gas,  and  weigh. 
When  the  weight  of  the  tube  has  been  deducted  the 
lead  should  weigh  2*07  grams. 

Grams. 
Weight  of  tube -|- litharge  .  .  =15-44 
Weight  of  tube    .         .         .         .=  13-21 


Weight  of  litharge      =    2-23 
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After  reduction  in  coal-gas — 

Weight  of  tube  +  lead 

. 

=  15-28 

Weight  of  tube    . 

3ight  of  lead 

Pb  =  207,  0  : 

=  13-21 

W< 

=    2-07 

Atomic  weights,  ' 

=  16. 

Found. 

Calculated. 

Lead  oxygen      .  207 
0     .         .         .16 

223 

207      ^ 
16 

223 

Composition 
of  litharge. 

The  reaction — 

PbO  +  Hg 

=  Pb  +  H20. 

223  +  2  = 

=  207  +  18. 

2.  DETERMINATION  OP  THE  WEIGHT  OP 
MAGNESIUM  EQUIVALENT  TO  108 
PARTS  OP   SILVER. 

Take  some  perfectly  bright  magnesium  ribbon,  or 
clean  some  that  is  tarnished  with  fine  sand  or  glass  paper. 
Heat  a  porcelain  crucible  or  small  porcelain  basin,  2  J  to 
2}  inches  in  diameter,  over  a  gas-lamp  for  two  minutes, 
and  allow  it  to  cooL  WTiile  it  is  cooling  weigh  out 
roughly  2  grams  of  silver  nitrate,  and  dissolve  in  not  less 
than  20  c.c.  of  distilled  water.   Weigh  the  crucible  with- 
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out  lid,  place  about  15  inches  of  magnesium  ribbon  in 
the  crucible  and  weigh  again,  take  exactly  0*12  grams. 
Transfer  the  silver-nitrate  solution  to  the  crucible,  break 
or  cut  off  pieces  of  the  magnesium  an  inch  in  length, 
and  add  them  to  the  solution  in  the  crucible  until  all 
have  completely  dissolved  and  powdery  metallic  silver 
has  separated.  A  very  light  piece  of  glass  rod,  with  the 
ends  rounded,  about  2 J  inches  in  length,  is  used  for 
stirring  the  magnesium  and  liquid  together,  and  keeping 
the  metal  immersed  below  the  solution.  It  will  be 
observed  that  the  reaction  causes  the  liquid  to  become 
warm.  As  particles  of  silver  sometimes  accumulate 
upon  the  glass  rod,  do  not  remove  it  from  the  liquid. 
"When  all  the  magnesium  appears  to  have  been  dissolved, 
the  liquid  is  gently  heated  to  near  boiling,  and  the 
metallic  particles  are  allowed  to  settle.  The  liquid  is 
then  decanted  on  to  a  small  filter,  to  retain  any  particles 
of  silver ;  as  far  as  possible  this  should  be  done  without 
disturbing  the  precipitate.  Add  about  20  c.c.  of  distilled 
water  to  the  crucible,  stir  up  the  silver,  allow  it  to 
settle,  decant  again,  and  repeat  this  ten  times.  The 
first  two  decantations  contain  silver  nitrate  in  consider- 
able quantity,  and  should  be  saved  in  a  bottle  labelled 
"Silver  Residues."  The  latter  washings  must  be 
tested  for  silver  by  a  drop  of  hydrochloric  acid,  which 
will  give  no  turbidity  if  all  the  soluble  salts  have  been 
removed.  -^^ 
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The  crucible  containing  the  washed  precipitate  of 
silver  is  now  placed  on  a  piece  of  wire  gauze  and  gently 
heated  by  the  flame  of  a  Bunsen,  which  is  kept  in  the 
hand,  and  gently  moved  to  and  fro.  The  heat  should 
be  moderated  by  removal  of  the  flame,  if  there  be  any 
tendency  to  boiling  or  sputtering.  After  a  few  minutes 
the  precipitate  will  be  dry  enough  to  heat  more  strongly 
over  a  gas-burner  for  five  minutes.  The  increased  tem- 
perature will  change  the  grey  colour  of  the  precipitate 
to  that  of  frosted  silver. 

The  crucible  and  contents  are  then  allowed  to  cool 
and  afterwards  weighed.  The  small  amount  of  pulveru- 
lent silver  collected  on  the  filter  is  washed  two  or  three 
times  with  warm  water.  Remove  the  filter  from  the 
funnel  when  the  whole  of  the  liquid  has  drained  away, 
and  place  it  on  a  clean  clay  triangle,  so  that  it  is  sup- 
ported in  the  position  in  which  it  was  held  in  the  funnel 
Dry  the  paper  by  waving  the  flame  of  a  Bunsen  burner 
beneath,  and  occasionally  blowing  upon  it  as  long  as 
steam  comes  off",  then  fold  it  up  ready  for  burning. 

Should  the  filter  scorch  or  take  fire,  this  will  almost 
surely  happen  at  the  apex.  Remove  it  without  delay, 
flatten  the  filter,  double  the  apex  over,  and  extinguish 
by  folding  the  paper  again.  "Wrap  up  the  filter  into  a 
little  roll,  hold  it  gently  by  one  edge  ^vith  a  pair  of  nickel 
crucible  tongs  or  forceps  of  iron  carefully  brightene<l, 
hold  it  over  the  crucible,  and  with  the  gas-burner  in  the 
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left  hand  apply  the  tip  of  the  flame  to  the  paper,  allow 
it  to  burn  away  and  the  globules  of  silver  to  fall  into 
the  crucible.  Ignite  the  crucible  and  contents  during 
two  or  three  minutes.  Let  the  crucible  cool,  and  weigh 
it  again.  The  total  weight  of  the  silver  should  be 
approximately  1"08  grams. 

Example — 

Weight  of  crucible  +  silver  .      =30*14 

Weight  of  crucible  .  .  .      =29  "12 


Weight  of  silver  in  crucible  =   1  -02 

Weight  of  crucible  -|-  silver  in  cru- 
cible +  silver  on  filter    .           .  =30*19 
Weight  of  crucible  .          .          .  =29*12 


Total  weight  of  silver      =   1  -07 

Atomic  weights,  Ag  =  108,  Mg  =  24. 

The  reaction — 

2AgN03  +  Mg  =  2Ag  +  MgNOg. 
2(170)  +  24  =  2(108)  +  86. 

Hence  12  parts  of  magnesium  are  equivalent  to  108 
parts  of  silver. 


Silver 

Equivali 
Found. 
.       107 

3nt  "Weights. 
Calculated. 
108 

Magnesium  . 

12 

12 
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Notes. — (1.)  AVhen  a  filter  is  used  it  should  fit  accu- 
rately into  a  funnel  ^Jth  of  an  inch  larger,  in 
order  that  it  may  be  washed  thoroughly.  This 
is  impossible  if  the  paper  projects  above  the 
edge  of  the  funnel. 

(2.)  In  decanting,  slightly  grease  the  forefinger  and 
rub  it  against  the  edge  of  the  vessel,  apply  a 
stirring  rod  to  the  greased  edge,  and  pour  the 
liquid  down  the  rod  on  to  the  filter  or  into  a 
beaker  glass  (Fig.  3,  p.  12). 

(3.)  The  silver  is  easily  removed  from  the  crucible. 
Should  any  particles  adhere  they  may  be  dis- 
solved out  with  nitric  acid. 


a  DETERMINATION  OP  WATER  &  COPPER 
IN  CRYSTALS  OF  COPPER  SULPHATE 

CuSO^-SHoO. 

Take  a  glass  tube  like  that  used  for  the  determination 
of  lead  in  litharge,  and  weigh  it.  Select  some  crystals 
of  pure  copper  sulphate  (see  Example  4),  powder,  and 
dry  them  by  pressure  between  folds  of  blotting-paper. 
Weigh  in  the  tube  2-49  grams  of  the  salt  Place  the  tube 
in  a  clip  in  a  horizontal  position  and  heat  the  greater 
part  of  the  tube,  and  particularly  the  end  containing 
the  salt,  by  passing  the  flame  of  a  gas-burner  along  it. 
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Now  heat  the  salt,  keeping  the  flame  in  motion ;  a  con- 
siderable quantity  of  water  is  set  free,  which  must  not 
be  allowed  to  collect  in  the  tube,  but  is  removed  as 
vapour  by  passing  a  tube  bent  at  right  angles  into  that 
which  holds  the  copper  salt,  and  withdrawing  air  by  a 
water  aspirator  or  by  the  mouth.  The  bent  tube  may 
be  Jth  of  an  inch  in  diameter.  When  the  copper  salt  has 
almost  lost  its  blue  colour,  and  is  nearly  white,  remove 
the  gas -flame  and  continue  to  suck  out  air  until  the 
tube  remains  dry,  then  resume  heating,  the  flame  being 
kept  in  motion  until  the  air  which  is  sucked  into  the 
mouth  begins  to  taste  of  sulphurous  acid.  Now  remove 
the  lamp,  and  continue  withdrawing  air  until  the  con- 
tents of  the  tube  are  white  and  dry.  Allow  to  cool,  and 
weigh.  The  tube  contains  anhydrous  copper  sulphate. 
The  weight  should  be  159  grams.  After  weighing,  heat 
very  strongly,  passing  coal-gas  into  the  tube  in  the 
manner  directed  for  the  estimation  of  lead  in  litharge. 
When  no  more  water  is  seen  to  be  disengaged,  remove 
the  lamp,  cool  in  a  current  of  coal-gas,  and  weigh.  The 
contents  of  the  tube  are  metallic  copper.  Should  the 
weight  be  too  large,  replace  the  tube  supplying  coal-gas, 
turn  on  the  tap,  and  commence  to  heat.  Continue  a  red- 
heat  for  ten  minutes,  remove  the  flame,  and  allow  to  cool 
in  a  stream  of  gas,  weigh  again. 

The  weight  of  metallic  copper  should  be  between  63 
and  64. 
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Example — 

2-49  grams  of  copper  sulphate  were  taken. 

Grams. 
Weight  of  tube  +  copper  sulphate  =23-16 
Weight  of  tube        .  .  .      =20*67 


(a)  Weight  of  copper  sulphate  =   2*49 

After  heating — 

Weight  of  tube  +  copper  sulphate  =22*26 

Weight  of  tube        .  .  .  =20*67 


(5)  Anhydrous  copper  sulphate  =    1  '59 

After  ignition  in  coal-gas — 

Weight  of  tube  +  copper     .  .  =21-31 

Weight  of  tube         .  .  .  =20-67 


Metallic  copper     =  0*64 

(a)  Weight  of  copper  sulphate  crystals      .     =2*49 
(h)  Weight  of  anhydrous  copper  sulphate  .     =1-59 


Combined  water     =  0*90 


S2 
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Exact  composition  of  copper  sulphate- 


Copper  sulphate 

crystals 

CuSO^-SHgO 


Cu=63-3"1 
S  =  32 
0  =64 

4 


159-3 
5H„0     90-0 


249-3 


Anhydrous 

copper  sulphate 

CuSO. 


Found. 

Anhydrous  copper  sulphate  =  159  parts 
.     =   90    „ 
.     =   64    „ 


Water 
Metallic  copper 


Calculated. 
159-3 
90-0 
63-3 


Note, — Copper  sulphate  loses  all  its  combined  water 
when  heated  above  240°  C.  At  higher  tem- 
peratures it  decomposes,  yielding  sulphur 
dioxide,  copper  oxide,  and  oxygen ;  but  in 
presence  of  hydrogen  or  coal-gas  it  yields 
metallic  copper,  and  water  is  formed  from  the 
oxygen  combining  with  the  hydrogen  of  the 
gas. 
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4.  THE  DETERMINATION   OF  THE  COM- 
POSITION  OF   COPPER  OXIDE. 

Preparation  of  Pure  Copper  Sulphate. — Re- 
crystallise  some  copper  sulphate  in  order  to  free  it  from 
impurities,  proceeding  in  the  following  manner  : — Take 
40  grams  of  the  crystallised  commercial  salt  and  boil  with 
50  C.C.  of  water,  to  which  a  few  drops  of  nitric  acid  have 
been  added,  in  order  to  peroxidise  any  ferrous  sulphate 
which  may  be  present.  Filter  if  the  liquid  is  not  quite 
clear,  and  boil  for  ten  minutes.  The  liquid  is  then 
allowed  to  cool  in  an  evaporating  dish,  crystals  separate, 
and  from  these  the  mother-liquor  is  drained,  by  tilt- 
ing up  the  dish  on  the  mouth  of  a  beaker -glass. 
Separate  the  crystals  with  a  stirring  rod,  and  drain 
them  on  several  folds  of  blotting-paper,  then  gently 
press  them  between  folds  of  fresh  paper. 

Preparation  of  Pure  Copper  Oxide. — Take  10 
grams  of  the  purified  copper  sulphate  dissolved  in  a 
beaker-glass  in  50  c.c.  of  water,  and  while  boiling  add 
very  cautiously  thereto  a  solution  of  sodium  carbonate 
until  no  further  precipitation  of  the  black  cupric  oxide 
occurs.  The  precipitate  is  separated  from  the  supernatant 
liquid  by  decantation  and  then  washed  with  boiling  water, 
the  washings  being  decanted  after  the  precipitate  has 
settled.     AVhen  this  process  has  been  repeated  two  or 
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three  times,  the  precipitate  may  be  washed  out  of  the 
beaker  on  to  a  previously  well-moistened  filter.  The 
precipitate  is  washed  on  the  filter  until  the  filtrate  is 
no  longer  alkahne  to  red  litmus  or  turmeric  paper. 
Dry  the  precipitate  on  the  filter  in  a  water-oven  or  in 
a  current  of  hot  air ;  transfer  the  dried  precipitate  to 
a  porcelain  crucible  and  ignite  to  convert  any  carbonate 
present  into  black  cupric  oxide,  and  to  remove  the  last 
traces  of  moisture.  In  order  to  facilitate  drying,  the 
filter  may  be  removed  from  the  funnel  by  loosening  it 
and  tenderly  lifting  it  out  by  that  side  of  the  paper 
which  is  doubly  folded.  It  may  be  placed  in  an 
evaporating  basin  sufficiently  large,  and  this  made  to 
rest  on  a  beaker  in  which  water  is  boiling.  As  in  the 
previous  case,  the  dried  precipitate  may  be  removed 
from  the  filter-paper  and  ignited. 

Determination  of  the  Copper  in  Copper  Oxide. 
— This  experiment  may  be  made  with  advantage  if  the 
weighings  are  performed  with  a  delicate  balance.  Weigh 
in  a  glass  tube,  with  a  gas  delivery-tube  attached  (Ex- 
ample 1,  p.  23),  a  quantity  of  copper  oxide,  rather  more 
than  0*793  gram.  Fix  the  tube  in  a  stand  and  heat 
the  copper  oxide  to  redness  ;  probably  a  little  moisture 
will  be  expelled ;  suck  air  out  of  the  tube  by  means  of 
a  smaller  tube,  bent  at  right  angles,  in  order  to  dry 
the  powder  completely.  Cool  in  a  desiccator,  and,  with 
the  flattened  end  of  a  wire  or  the  blade  of  a  pen- 
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knife,  remove  enough  of  the  copper  oxide  to  reduce  its 
weight  to  0*793  gram  exactly.  Attach  the  coal-gas  tube, 
and  pass  a  fairly -rapid  current  of  gas  into  the  tube  and 
heat  the  copper  oxide  to  redness.  After  a  short  interval 
steam  is  seen  to  be  given  off,  then  the  copper  oxide 
glows  to  bright  redness,  much  water  and  steam  pass 
away  (the  water  should  not  be  allowed  to  condense  in 
sufficient  quantity  to  run  down  the  sides  of  the  tube), 
and  after  a  time  the  copper  ceases  to  glow,  but  heating 
is  continued  a  little  longer  until  the  metallic  copper 
shrinks.  Cool,  without  admitting  air,  by  continuing 
the  current  of  coal-gas,  and  weigL 

Example — 

Weight  of  tube  empty      .  .      =16-020 

"Weight  of  copper  oxide     .  .      =0*793 


Weight  of  tube  -f  copper  oxide     =  16*813 


After  heating  to  redness  for  five  minutes  the  weight 
was  a  few  milligrams  less,  but  it  was  made  up  to  16*813, 
with  1  or  2  milligrams  of  copper  oxide. 

After  ignition  in  coal-gas — 

Weight  of  tube  -f  copper  .     =  16*653 

Weight  of  tube  .      =16*020 


Weight  of  copper     =  0*633 
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Hence  the  composition  of  copper  oxide 

is — 

Found. 

Calculated. 

Copper         .           .          .     63-3 

63-3 

Oxygen        .                     .16  0 

16-0 

79-3 

79-3 

The  reaction — 

CuO  +  Hg  =  Cu  +  HgO. 

79-3  +  2  =  63-3  +  18. 

5.  DETERMINATION  OP  THE  WEIGHT  OP 
COPPER  EQUIVALENT  TO  108  PARTS 
OP  SILVER. 

Weigh  a  porcelain  crucible  of  the  capacity  of  about 
20  C.C.,  or  larger.  Weigh  in  the  crucible  some  perfectly 
bright  fine  copper  wire  which  has  been  wrapped  round 
a  pencil  and  made  into  a  little  skein.  The  copper  should 
weigh  0*316  gram,  or,  if  the  balance  be  not  sufficiently 
delicate,  0*32  gram.  Then  weigh  in  the  crucible  2  grams 
of  silver  nitrate,  add  10  c.c.  of  water,  place  the  crucible  on 
a  triangle,  and  heat  it  by  keeping  a  gas  flame  moving 
beneath  it.  As  soon  as  all  the  silver  nitrate  has  dis- 
solved, drop  in  the  copper  wire  and  let  it  remain 
tranquil  for  some  time.  The  silver  separates  in  very 
beautiful  crystals.      Stir  the  liquid  and  silver  with  a 
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small  light  glass  rod,  and  endeavour  to  ascertain  whether 
there  be  any  little  rings  of  copper  still  unacted  on. 
When  it  is  evident  that  all  has  been  dissolved,  carefully 
decant  the  solution  of  copper  on  to  a  previously  well- 
moistened  filter,  wash  the  precipitate  with  water,  and 
test  occasionally  for  an  excess  of  silver  in  the  filtrate  by 
adding  a  drop  of  hydrochloric  acid  to  about  10  drops  of 
the  filtered  liquid  which  has  been  collected  in  a  clean 
test-tube  for  the  purpose.  After  the  fifth  or  sixth 
washing  and  decantation,  a  little  ammonia  may  be 
added  to  the  washing  water  in  the  crucible  and  left  for 
some  minutes,  with  an  occasional  stirring.  The  ammonia 
will  probably  cause  a  blue  coloration,  and  when  this 
ceases  to  become  darker  it  may  be  decanted  into  a 
beaker,  and  the  washing  resumed  in  the  same  way 
and  continued  until  the  washing  water  remains  colour- 
less. 

If  the  decanted  liquid  contains  any  minute  particles 
of  silver  it  may  be  poured  on  to  the  filter. 

While  the  washing  with  ammonia  has  been  in  pro- 
gress, the  filter  has  in  the  meantime  been  well  washed 
with  distilled  water  several  times,  to  remove  the  copper 
salt  from  the  paper,  and  if  any  persistent  light  blue 
stains  are  seen  they  may  be  removed  by  washing  with 
dilute  hydrochloric  acid  poured  from  a  test-tube ;  after 
once  more  washing  with  water  to  remove  the  acid,  the 
ammoniacal  solution  may  be  filtered. 
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Dry  the  silver  and  treat  the  filter -paper  in  the 
manner  already  described  (p.  27). 

The  total  volume  of  the  washings  and  original  filtrate 
will  measure  about  400  c.c. 

The  reaction — 

2AgN03  +  Cu  =  Cu(N03)2  +  2Ag 
2(170)  +  63-3  =  187-3  +  2(108) ; 
hence  63*3  parts  of  copper  =  2(108)  of  silver, 

and  31 '6  parts  of  copper  =  108  of  silver. 

Example — 

Grams. 

Weight  of  crucible    .  .  .     =10*92 

Weight  of  copper      .  .  .     =   0*32 


Weight  of  crucible  +  copper     =  11  '24 


Weight  of  crucible 4" silver .  .      =12*00 

Weight  of  crucible    .  .  =10*92 


Weight  of  silver     =1-08 


Equivalent  Weights. 
Found.      Calculated. 

SHver  .  .  .108  108 

Copper         .  .  .32  31*6 
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6.  DETERMINATION  OP  THE  'WEIGHT  OP 
IRON  EQUIVALENT  TO  108  PARTS  OP 
SILVER  OR  31-65  OP  COPPER. 

Weigh  a  porcelain  crucible  2  inches  in  diameter,  and 
in  it  weigh  0*56  gram  of  fine  iron  wire  wliich  has  been 
brightened  by  emery  cloth  or  glass  paper,  and  afterwards 
wrapped  round  a  pencil.  Remove  the  wire,  and  boil  5 
grams  of  copper  sulphate  in  the  crucible,  with  10  or  12  c.c. 
of  water  acidified  with  5  or  6  drops  of  dilute  sulphuric 
acid  (1  volume  oil  of  vitriol  to  5  of  water),  and  when  all 
is  dissolved  drop  the  iron  wire  into  the  hot  liquid. 
Allow  it  to  remain  tranquil  for  about  half  an  hour, 
until  it  appears  to  have  been  all  dissolved.  Then  crush 
up  the  copper  with  a  glass  rod,  and  so  detach  it  from 
any  remaining  particles  of  iron,  and  warm  gently  for  a 
few  minutes.  The  copper  is  capable  of  being  washed 
by  decantation  without  loss  if  the  precipitation  has  been 
carried  out  in  the  manner  described.  The  washings 
need  not  be  passed  through  a  filter,  but  poured  directly 
into  a  beaker.  After  the  washings  cease  to  give  a  blue 
colour  when  a  drop  is  let  fall  on  to  a  spot  of  a  solution 
of  potassium  ferri-cyanide  (showing  that  there  is  no 
more  ferrous  sulphate  present),  the  liquid  may  be  de- 
canted away,  and  any  particles  of  copper  in  the  beaker 
may  be  washed  as  before  and  finally  returned  to  the 
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crucible  "svith  about  25  c.c.  of  pure  alcohol  or  redistilled 
methylated  spirit.  Decantation  and  renewed  washing 
with  alcohol  must  be  continued  about  three  times,  so 
that  all  the  water  is  removed  and  the  copper  easily 
dried.  To  dry  the  copper,  the  crucible  may  be  placed 
in  the  mouth  of  a  small  beaker  in  which  water  is  boiling. 
Or  a  cork  is  fitted  to  a  flask,  and  the  tube  of  a  funnel 
passed  through  the  cork;  water  is  kept  boiling  vigor- 
ously in  the  flask,  and  the  crucible  is  placed  in  the 
funnel.  In  ten  minutes  the  contents  of  the  crucible 
will  be  quite  dry.  Wipe  the  outside  of  the  crucible 
with  a  linen  cloth,  weigh,  and  heat  again  until  the  weight 
is  constant. 

The  reaction — 

CuSO^  +  Fe  =  Cu  +  FeSO^. 
159-3 +  56  =  63-3+  152. 

Hence  56  parts  of  iron  are  equivalent  to  63*3  of  copper, 
but  63*3,  the  atomic  weight  of  copper,  is  equivalent  to 
2(108)  parts  of  silver  (p.  38);  therefore  the  half  of 
56  or  28  parts  of  iron  are  equivalent  to  108  of  silver. 

Example — 

Grams. 
Weight  of  crucible    .  .     =29-12 

Weight  of  iron  .  .  .     =   0*56 


Weight  of  iron  +  crucible      =  29*68 
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Weight  of  crucible  +  copper  .     =  29"76 

Weight  of  crucible    .  .  .      =29-12 


Weight  of  copper     =   0*64 


Atomic  weights        < 


Found.    Calculated. 

Iron        .      56  66 

Copper   .      64  63-3 

_     .    ,     ^       .  ,       r  Iron        .      28  28 

Equivalent  weights  < 

^  °        (Copper  .      32  31-6 

Notes. — (1.)  As  copper  is  oxidisable  below  a  red-heat, 
the  precipitate  cannot  be  safely  dried  over  a 
lamp ;  and,  for  the  same  reason,  the  precipitate 
could  not  be  collected  on  a  filter  and  burnt 
without  incurring  some  trouble  in  reducing  the 
burnt  copper.  Copper  bums  to  copper  oxide,  but 
silver  under  similar  circumstances  does  not  bum. 

(2.)  A  copper  salt  is  apt  to  deposit  a  hard  and  con- 
tinuous layer  of  copper  on  iron  wire;  such  a 
coating  is  formed  when  pure  copper  sulphate 
in  a  cold  solution  acts  upon  iron.  Hence  it  is 
necessary  to  heat  the  liquid,  to  make  it  acid, 
and  to  crush  up  the  copper  so  as  to  bring  any 
fragments  of  iron  wire  unacted  on  into  contact 
with  the  liquid.  When  the  result  is  not  good, 
examine  the  copper  under  a  microscope  of  low 
power,  or  with  a  powerful  lens. 
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(3.)  The  proper  quantity  of  sulphuric  acid  to  be  added 
should  be  attended  to ;  if  too  little,  the  deposit 
is  not  sufficiently  crystalline  to  become  detached 
from  the  iron;  if  too  much,  hydrogen  instead 
of  copper  will  be  displaced  by  a  part  of  the 
iron  being  dissolved  in  the  acid.  No  gas 
bubbles  should  be  seen  to  come  from  the 
liquid. 

(4.)  As  the  purest  iron  wire  contains  some  carbon,  and 
only  99-5  per  cent  of  iron,  the  result  can  never 
be  quite  exact,  even  if  executed  with  the  greatest 
care,  unless  this  fact  is  taken  into  account. 
The  following  calculation  shows  the  weight  of 
such  iron  that  should  be  taken : — 

12^^^  =  .5628. 
99-5 

(5.)  Should  particles  of  copper  float  on  the  surface  of 
the  liquid  during  the  process  of  washing,  they 
may  generally  be  made  to  sink  by  pouring  a 
few  drops  of  ether  on  to  the  surface  and  then 
adding  a  drop  of  alcohol.  The  particles  then 
sink  if  slightly  agitated  with  a  glass  rod. 


ESTIMATIONS  OF  MINERAL 
CONSTITUENTS 
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7.  ESTIMATION  OP  SODIUM  IN 
ROCK-SALT. 

Estimation  of  Moisture. — Heat  a  large  porcelain 
crucible,  size  No.  1,  about  2  inches  in  diameter,  cool  it 
in  a  desiccator,  and  weigh.  Eoughly  weigh  and  place 
in  the  crucible  2  grams  of  perfectly  colourless  and  trans- 
parent rock-salt  in  powder.  Weigh  again  accurately, 
the  crucible  being  covered  by  the  lid.  As  much  as  25 
grams  may  be  taken  for  the  estimation  of  moisture,  and 
with  advantage.  Heat  the  covered  crucible,  gently  at 
first,  then  at  a  higher  temperature.  Eemove  the  cover 
and  continue  the  heat  for  five  minutes.  Cool  the  covered 
crucible  in  a  desiccator,  and  weigh.  The  loss  of  weight 
is  moisture. 

Estimation  of  the  Sodium. — The  salt  is  converted 
into  neutral  sulphate. 

Proceed  in  the  following  manner : — 

Dissolve  the  salt  by  the  addition  of  half  an  ounce,  or 
about  15  c.c.  of  water,  mix  it  carefully,  drop  by  drop, 
with  not  less  than  20  drops  of  concentrated  oil  of  vitriol 
(sp.  gr.  1*8),  and  evaporate  at  a  temperature  below  boil- 
ing until  no  more  fumes  are  evolved,  then  cautiously  heat 
the  crucible  above  a  Bun  sen  burner  in  a  draught  chamber 
until  white  fumes  of  sulphuric  acid  are  no  longer  dis- 
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engaged.  It  is  necessary  to  ensure  the  presence  of  an 
excess  of  acid  by  adding  a  few  drops  more  if  it  appears 
necessary.  The  crucible  is  closed  by  its  cover,  and 
heated  strongly  for  a  few  minutes ;  after  cooling,  a  little 
powdered  ammonium  carbonate  is  sprinkled  on  the 
contents  in  order  to  convert  any  acid  sodium  sulphate 
into  the  neutral  salt,  and  heat  is  again  applied  strongly. 
After  cooling,  the  crucible  is  once  more  weighed,  the 
weight  of  the  empty  crucible  being  deducted ;  the 
difference  is  normal  sodium  sulphate. 

Example. — Rock-salt.    The  estimation  of  moisture — 

Weight  of  crucible  +  salt  .      =  83  -6765  {a) 

Weight  of  crucible  .  .     =60-1581 


Weight  of  rock-salt      =  23-5184 

After  heating — 

1st  weighing         .  .  .     =83*6580 

2d        „  ...      =83-6578(6) 

{a)  83-6765 
(6)  83-6578 


Water     =0*0187 


0-0187x100    ^^^;,f     •. 

=  0*079  moisture 

23-5184  ^ 
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The  Estimation  of  Sodium.— About  2  grams  of 
the  dried  salt  were  converted  into  sulphate. 

Weight  of  crucible  +  salt  .     =62-4782 

Weight  of  crucible  .  .      =60-1610 


Weight  of  salt     =   2-3172 

Weight  of  crucible  +  sodium  sulphate  .      =62*970 

Weight  of  crucible  ....     =60-161 


Weight  of  sodium  sulphate     =   2-809 
Nag  =46  =— 

S  =  32 
O  =64 

46X2-809X100      Percent. 

142         142x2-3172      =  ^^'^^  '''^'''^ 
Found.     Calculated. 
Sodium  in  sodium  chloride  =  39-29       39-31  per  cent. 

Note. — The  size  of  the  crucible  and  quantity  of  the 
materials  used  are  duly  proportioned  to  the 
weight  of  salt  taken.  If  a  smaller  crucible  is 
used  the  quantity  of  salt  must  be  reduced. 

8.  ESTIMATION   OF    CHLORINE. 

Rock-salt,  NaCl.      Sylvine,  KCl. 
Camallite,  KCl-MgCl2-6H20. 

About  1  gram  of  the  powdered  salt  is   accurately 
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weighed  and  gently  ignited  in  a  previously  weighed 
porcelain  crucible;  the  loss  of  weight  represents  water 
(see  Example  7).  The  crucible  should  at  first  be  covered 
to  prevent  particles  of  the  salt  being  projected  out. 
The  salt  is  then  emptied  into  a  beaker  and  the  crucible 
rinsed  out  with  hot  water,  the  rinsings  being  added  to 
the  beaker.  About  100  c.c.  of  water  are  thus  added,  the 
solution  is  acidified  with  nitric  acid,  and  the  chlorine 
precipitated  as  silver  chloride  by  the  addition  of  silver 
nitrate  as  long  as  any  precipitate  is  formed.  The  liquid 
is  boiled  for  a  few  minutes  and  well  stirred  with  a  glass 
rod  to  make  the  silver  chloride  collect  in  curdy  masses. 
Decant  the  clear  liquid  and  wash  the  precipitate  with 
water  twice  or  thrice  by  decantation.  The  liquid  is 
filtered  through  a  filter  4  inches  in  diameter ;  the  silver 
chloride  is  well  washed  on  the  filter  with  distilled  water 
and  dried;  it  is  next  removed  from  the  paper  to  a 
previously  weighed  porcelain  crucible  and  heated  until 
it  fuses.  The  paper  is  then  folded  and  tightly  rolled 
up ;  and  at  one  end — that  is  to  say,  at  the  edge  of  the 
paper,  away  from  the  apex  of  the  filter — the  roll  is  bound 
round  with  platinum  wire. 

Holding  the  paper  over  the  crucible  by  the  wire,  it  is 
set  on  fire  by  a  Bunsen  flame  and  allowed  to  bum  until 
it  falls  into  the  crucible.  The  crucible  is  then  heated, 
and  the  filter- ash  is  touched  with  a  drop  of  fuming 
nitric  acid,  which  consumes  any  remaining  carbon.     But 
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the  silver  chloride  on  the  paper  has  been  reduced  to  the 
state  of  metal ;  one  drop  more  of  nitric  acid  is  therefore 
added,  and  the  crucible  is  very  gently  heated  until  no 
further  action  is  observed ;  this  changes  the  metallic 
globules  into  silver  nitrate ;  then  a  drop  of  hydrochloric 
acid  is  added  which  converts  the  nitrate  into  chloride 
and  destroys  the  nitric  acid;  the  liquid  is  evaporated 
on  a  water-bath  and  cautiously  heated  over  a  lamp  till 
acid  fumes  are  no  longer  disengaged ;  the  temperature 
may  then  be  raised  until  the  silver  chloride  begins  to 
melt.  The  crucible  is  cooled  Jlnd  weighed.  To  clean 
the  crucible  add  about  J  c.c.  of  dilute  sulphuric  acid 
and  a  piece  of  zinc;  this  will  reduce  the  chloride  io 
the  state  of  pulverulent  silver,  which  may  easily  be 
washed  out. 

Notes. — (1.)  Care  must  be  taken  not  to  heat  the  solu- 
tion mixed  with  nitric  acid  before  the  silver 
nitrate  has  been  added  in  excess. 

(2.)  If  the  filter-paper  be  bound  round  with  platinum 
wire  there  is  a  risk  of  a  little  silver  chloride 
being  reduced  to  the  state  of  metal  in  contact 
with  the  platinum,  in  which  case  it  would  be 
lost.  Furthermore,  the  reduced  silver  would 
form  an  alloy  with  the  platinum,  and  the  piece 
of  wire  would  be  spoilt. 
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Example. — Two  samples  of  rock-salt  were  analysed — 

I.  II. 

Weight  of  salt  taken        .  .      =0-6790  0-4374 


I.  11. 

Weight  of  crucible+AgCl+filter-ash  =18-8698  18-2820 
Weight  of  crucible  .  .     =17-2083  17-2077 


eight  of  filte 

r-ash 

Silver  chloride 

35-5x1-655x100 
143-5x0-679 

35-5x1-0718x100 
143-5  X  0-4374 

1-6615     1-0743 
=  0-0065     0-0025 

=  1-6550     1-0718 

Ag=  108-0 
Cl=   35-5 

I. 

Per  cent. 

143-5 

=  60-29  chlorine 

II. 

Per  cent. 

=  60-619  chlorine 

If  the  atomic  weight  35-4  be  accepted  for  chlorine, 
then  the  calculations  above  give — I.  60-17  per  cent,  and 
II.  60*49  per  cent,  of  chlorine. 

In  a  previous  example  the  moisture  and  sodium  were 
determined ;  hence  we  find  the  complete  analysis  of  rock- 
salt  to  give  the  following  numbers : — 
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Found. 

Calculated  for  NaCl. 

Per  cent. 

Per  cent. 

Moisture 

.       0-079 

Sodium 

.     39-29 

39-32 

Chlorine 

.     60-619 

60-68 

99-988 

100-00 

9.  ESTIMATION  OP  SULPHURIC  ACID. 

Epsom  salts,  MgS04-7H20.  Sodium  sulphate  or  Glauber's 
salt,  Na-^SO^-lOHgO.  Copper  sulphate,  CuSO^-SHgO. 
Ferrous  sulphate,  FeS04-7H20.  Dilute  sulphuric 
acid. 

Dissolve  from  0-5  to  1  gram  of  the  salt  in  150  c.c.  to 
200  C.C.  of  water  in  a  beaker  of  400  c.c.  capacity,  add  a 
few  drops  of  hydrochloric  and  boil.  Boil  a  solution  of 
barium  chloride,  and  add  this  gradually  to  the  boiling 
solution  of  the  salt  as  long  as  a  precipitate  falls.  The 
precipitate  is  barium  sulphate,  and  when  an  excess  of 
barium  chloride  has  been  added,  the  whole  of  the  sul- 
phuric acid  has  been  removed  from  the  solution.  The 
liquid,  after  boiling  for  a  few  minutes,  is  allowed  to  stand 
until  the  precipitate  has  settled  down  and  left  a  clear 
solution.  A  filter  of  Swedish  paper  is  then  neatly 
fitted  into  a  funnel  of  such  a  size  that  there  is  a  rim  of 
glass  of  about  a  quarter  of  an  inch,  extending  above  the 
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rim  of  the  filter  -  paper ;  this  is  moistened  with  hot 
distilled  water,  placed  in  a  filter  stand  with  a  beaker 
beneath  it,  somewhat  larger  than  that  used  for  the 
precipitation.  The  beak  of  the  funnel  must  touch  the 
side  of  the  beaker-glass,  so  that  the  liquid  runs  down 
it  and  does  not  cause  the  filtered  solution  to  splash. 

The  clear  solution  is  decanted  by  pouring  it  down  a 
glass  rod  held  at  the  edge  of  the  beaker  and  directed  on 
to  the  filter-paper.  When  the  liquid  has  run  through,  the 
precipitate  is  washed  with  a  stream  of  hot  distilled  water 
from  a  wash-bottle  and  poured  on  to  the  filter,  which  must 
not  be  more  than  half  filled.  When  the  whole  of  the 
precipitate  has  been  carefully  rinsed  on  to  the  filter  it 
must  be  washed  with  hot  water.  The  filtrate  is  now 
tested  from  time  to  time  by  collecting  a  little  in  a  clean 
test-tube  and  adding  a  drop  of  sulphuric  acid,  and  when 
no  more  turbidity  is  caused  by  this  addition,  all  the 
excess  of  barium  chloride,  with  other  soluble  salts,  may 
be  considered  to  have  been  washed  away.  The  filter  is 
then  dried  in  a  water-oven  or  in  a  current  of  warm  air. 
It  is  advisable,  during  the  drying  process,  to  cover  the 
mouth  of  the  funnel  with  a  piece  of  common  white  filter- 
paper,  which  is  folded  over  the  edges  of  the  glass  in 
order  to  keep  out  dust  and  dirt  When  dry,  the  filter 
may  be  removed  from  the  funnel,  folded  up  very  tightly, 
placed  in  a  previously  weighed  porcelain  or  platinum 
crucible  of  about  1  ounce  capacity,  and  burnt  completely. 
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In  igniting  a  precipitate  in  this  manner,  the  crucible 
should  be  supported  on  a  triangle  of  platinum  or  of  iron 
wire  covered  with  pipe-clay,  such  as  pieces  of  the  stems 
of  a  large  tobacco  pipe.  The  crucible  should  be  inclined 
at  an  angle  of  about  45°  or  more,  and  the  lid  should  rest 
against  the  inner  edge  of  the 
crucible  (Fig.  4).  A  smokeless 
Bunsen  burner  should  be  used, 
and  the  flame,  striking  the 
under  edge  of  the  lid,  should 
play  on  to  the  precipitate  con- 
tained in  the  crucible.  When 
all  the  carbon  is  burnt  off",  and 
the  barium  sulphate  is  quite 
white,  the  crucible  is  allowed 
to  cool  slightly ;  it  may  then 
be  transferred  by  means  of  cru- 
cible tongs  to  a  triangle  placed 
in  a  desiccator,  the  air  of  which  is  dried  by  a  dish 
of  sulphuric  acid.  The  crucible  tongs  should  be  abso- 
lutely clean.  If  such  tongs  are  not  at  hand,  it  is 
better  to  allow  the  crucible  to  cool,  so  that  its 
warmth  is  not  inconvenient,  and  then  to  take  it  in 
the  fingers,  which  must,  of  course,  be  carefully  cleaned 
and  dried. 

The   crucible   and  contents  are  accurately  weighed 
when  quite  cold ;  deduct  the  weight  of  the  crucible,  and 


Fia.  4.— Crucible  ready  for 
ignition. 
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the  excess  is  barium  sulphate  +  filter -ash  ;  the  weight 
of  the  latter  must  be  deducted. 


Example — 
Copper  sulphate  taken    . 

Weight  of  crucible  and  barium  sulphate 
Weight  of  crucible 

Barium  sulphate  +  filter-ash 

Weight  of  filter-ash  ... 


Grams. 
=    1-056 

=  43-954 
=  42-963 

=   0-991 
=   0-006 


Actual  weight  of  barium  sulphate     =   0*985 


Where  Ba  =  1 37,  S  =  32,  and  0  =  1 6. 
BaS04=233  Ba  =  137  S  =  32 

S=   32 
andS03=   80  0^=    64        03  =  48 


233 


80 


To  find  the  SO3  in  0*985  gram  of  BaSO^— 
80x0-985 


233 


=  0-3382  gram  SO,. 


To  find  the  percentage  of  SO3   in  1-056  grams   of 
CUSO4-5H2O— 

0-3382x100    Percent. 


1-056 


=  3202  S0„ 
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The  quantities  may  thus  be  stated — 
Found.  Calculated. 

SO3     3202  3210  per  cent. 

Notes. — (1.)  In  the  precipitation  of  sulphuric  acid, 
hydrochloric  acid  is  added  to  ensure  the  pre- 
cipitate containing  nothing  but  barium  sulphate, 
and  the  liquid  is  heated  in  order  that,  accord- 
ing to  experience,  the  precipitate  may  settle 
and  be  filtered  easily. 

(2.)  It  is  desirable  not  to  use  a  large  excess  either  of 
hydrochloric  acid  or  of  barium  chloride,  because 
barium  sulphate  is  not  altogether  insoluble  in 
hot  acids,  and  it  has  a  tendency  to  carry  down 
salts,  especially  nitrates  and  chlorides,  which 
cannot  be  removed  by  washing.  This  is. 
especially  the  case  when  iron  is  present. 

(3.)  The  rapid  filtration  of  barium  sulphate  is  best 
facilitated  by  attaching  to  the  beak  of  the 
funnel,  with  a  piece  of  india-rubber  tube,  a 
glass  tube  18  inches  long,  with  a  loop  in  it 
(Fig.  3).  A  continuous  stream  of  liquid  then 
passes  through  the  paper  if  it  be  made  to  fit 
the  funnel  accurately. 
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10.  ESTIMATION   OF   COPPER  AS 
CUPRIC  OXIDR 

Copper  sulphate,  CuSO^'SHgO. 

Crush  some  selected  crystals  of  the  salt  and  press  the 
powder  between  folds  of  blotting-paper  to  remove  adher- 
ing moisture.  Place  the  powder  in  a  corked  test-tube. 
Weigh  out  from  0*5  to  1  gram  of  the  powder,  and 
dissolve  it  in  200  or  250  c.c.  of  water.  Boil  the  hquid, 
and  add  while  boiling  a  considerable  excess  of  pure  caustic 
soda  (or  potash),  which  at  once  precipitates  the  black 
cupric  oxide.  The  liquid  is  decanted  on  to  a  filter  as 
soon  as  the  precipitate  has  settled.  The  filter  must  be 
smaller  by  a  quarter  of  an  inch  than  the  funnel,  and  the 
liquid  must  not  more  than  half  fill  the  filter.  The  pre- 
cipitate is  boiled  up  with  a  little  water,  which  is  presently 
decanted,  and  this  operation  is  repeated  until  the  liquid 
runs  through,  showing  no  alkaline  reaction  to  litmus- 
paper.  The  whole  of  the  precipitate  is  then  transferred 
to  the  filter,  which  is  then  washed  once  or  twice  with 
the  wash-bottle.  A  few  drops  of  the  liquid  are  collected 
on  a  strip  of  clean  glass  or  on  a  watch-glass  and  evapo- 
rated to  dryness.  If  the  filtrate  leaves  no  residue  on 
evaporation  the  filter  may  be  dried.  When  dry  the 
precipitate  is  transferred  to  a  previously  weighed  porce- 
lain crucible,  the  paper  folded  and  burnt,  and  the  ashes 
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placed  in  the  crucible.     It  is  better  not  to  heat  this  pre- 
cipitate longer  than  is  necessary  to  completely  bum  the 
filter.     After  the  final  ignition  the  crucible  and  contents 
must  be  cooled  in  a  desiccator  and  accurately  weighed. 
Note. — This  method  is  only  applicable  to  crystallised 
copper  sulphate,  or  some  such  preparation,  free 
from  other  metals  capable  of  being  precipitated 
by  potash. 
Example. — Copper  sulphate —  Grams 

AYeighing  tube  with  copper  sulphate  .     =  20 -0640 

After  removal  of  sample  for  analysis  .      =- 18*1978 


Copper  sulphate  taken  for  analysis  =    1-8662 

1st  weighing — Weight  of  copper  oxide  +  cru-  Grams, 

cible  +  lid =33-561 

2d  weighing  after  heating  again  to  redness   .  =33*561 

Weight  of  crucible  +  lid  .           .          .           .  =  32-963 

Weight  of  copper  oxide  +  filter-ash      .           .  =  0*598 

Weight  of  filter-ash         .           .           .          .  =   0-002 

Actual  weight  of  copper  oxide  =   0  596 

To  find  the  percentage  of  copper  oxide  in  1*8662 
grams  of  copper  sulphate — 

Per  cent. 


0*596x100 
1*8662 


=  31*93  CuO 
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The  quantities  may  be  stated  thus — 
Found.  Calculated. 

CuO      31-93  31-90  per  cent. 

11.  ESTIMATION  OF  WATER  IN  CRYSTAL- 
LISED COPPER  SULPHATE. 

CuSO^-SHgO. 

A  pair  of  watch-glasses  with  ground  edges  are  fitted 
together  edge  to  edge,  and  kept  closed  by  means  of  a 
wire  clip.  Each  glass  is  marked  No.  1,  with  a  writing 
diamond  near  to  the  edge ;  the  clip  is  also  marked  with 
a  notch  made  by  a  file.  The  watch-glasses  are  opened 
and  placed  with  the  clip  on  a  white  tile,  or  piece  of  glazed 
paper  in  the  water-oven  and  heated  to  100°  C.  After 
fifteen  or  twenty  minutes  they  are  removed,  closed  by 
the  clips,  placed  in  a  desiccator  to  cool,  and  subsequently 
weighed.  Some  of  the  crushed  crystals  are  transferred 
from  the  weighing  tube  to  one  of  the  watch-glasses,  the 
other  is  placed  over  it,  the  clip  is  fitted  on,  and  they  are 
weighed  again.  The  glasses  are  then  opened,  and  placed 
with  the  clip  in  the  water-oven  as  before;  heating  is 
continued  for  an  hour.  The  glasses  are  removed,  closed, 
cooled  in  a  desiccator  and  weighed.  The  operation 
is  repeated  until  the  weight  is  constant.  The  loss  of 
weight  represents  water  lost  at  100°  C,  usually  termed 
water  of  crystallisation.     Should  there  be  any  diffi- 
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culty  in  obtaining  a  constant  weight  by  heating  in  the 
water-oven,  an  air-bath  should  be  used,  the  temperature 
of  which  is  not  allowed  to  rise  much  above  105°  C.  The 
glasses  are  now  removed  to  an  air-bath,  and,  proceeding 
as  before,  the  weight  is  recorded  after  the  substance  has 
been  heated  to  higher  temperatures  until  no  further  loss 
of  weight  can  be  noted.  Of  course  great  care  must  be 
exercised  lest  in  the  manipulation  any,  even  the  smallest 
portion,  of  solid  substance  is  spilled,  as  the  results  would 
thus  be  vitiated.  The  loss  of  weight  at  temperatures 
higher  than  100°  C.  represents  water  of  constitution. 
The  following  are  a  series  of  numbers  obtained  in  the 
manner  described : — 

( 1 . )  Weight  of  watch-glasses  +  clip  (No.  1 )  +  Grams. 

copper  sulphate  .  .  .  .    =  18*6476 

Weight  of  watch-glasses  -f  clip  (No.  1)    =17*2175 


Weight  of  copper  sulphate  taken  for 

analysis     .  .  .  .  .     =    1*4301 


(2.)  Weight  of  watch-glasses  and  salt  after 

drying  at  100°  C.  .  .  .     =18*238 


Weight  of  watch-glasses  +  salt  (1)        .    =  18*6476 
Weight  of  watch-glasses  -f  salt  (2)        .     =  18*2380 


Loss  of  weight  after  drying  at  100*'  =  H2O    =   0*4096 
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After  drying  at  110°  C.  for  half  an  hour- 

— 

(3.)  Weight  of  watch-glasses  +  salt   . 

=  18-2285 

(4.)  After  drying 

at  200°  C.     . 

=  18-2200 

(5.)      „ 

210°  C.     . 

=  18-215 

(6.)     „ 

210°  C.     . 

=  18-2045 

(7.)     „ 

230°  C.     . 

=  18-181 

(8.)     „ 

240°  C.     . 

=  18-130 

(9.)      „ 

240°  C.     . 

=  18-129 

Final  weigh 

ing      . 

=  18-129 

(2.)  Weightofwatch-glasses+saltdriedatlOO°   =18-2380 
(9.)  Weight  of  watch-glasses  -+-  salt  dried  at 

240° =18-1290 

Loss  of  weight  between  100°  and  240° 

=  H20 =   0-1090 

The  results  may  be  thus  stated — 

Grams.     Per  cent. 

Copper  sulphate  taken  for  analysis     =1*4301 

Water  expelled  at  100°        .  .      =0-4096     28-64 

240°        .  .      =0-109         7-62 


•4096  X  100      P^r  <^ent. 


14301^  =  28-64  H^. 


•I^i2^^7-62H,0. 
1-4301  2 
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Found. 


Calculated  for 
CuSO^-SHaO. 

Water  of  crystallisation         =  28*64:         28*8  per  cent. 

Water  expelled  at  240'' C.     =   7*62  7*2       „ 


Total  water  in  crystals      =  36*26         36*0 


Previous  examples  9  and  10  have  given  us  numbers  for 
sulphuric  acid  reckoned  as  SOg,  and  for  copper  oxide, 
CuO.  We  may  thus  state  the  composition  of  crystal- 
lised copper  sulphate  and  compare  it  with  that  calcu- 
lated from  the  formula  usually  assigned  to  it.  The 
percentage  of  course  should  add  up  to  100,  but  it  is 
not  often  that  such  perfect  accuracy  is  attained. 

Composition  of  Crystallised  Copper  Sulphate. 


Found. 

Calculated  for 
CuSO^-SHaO. 

CuO 

=  31*93 

31*9  per  cent. 

SO3 

=  32*02 

321        „ 

H^O  (at  100*')      . 

=  28*64 

28-8        „ 

HgO  (at  240°)     . 

=    7*62 

7-2        „ 

Total 

=  100*21 

1000 

It  is  evident  that  the  slight  inaccuracy  occurs  in  the  de- 
termination of  the  water  at  temperatures  above  100°  C. 
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12.  ESTIMATION   OF  CARBONIC  ACID 
IN  CARBONATES. 

Soda  ash.  Sodium  carbonate,  NagCOg.  Soda  crystals, 
NagCOg-lOHgO.  Calcite,  CaCOg.  Strontianite, 
SrCOg.  Witherite,  BaCOg.  Magnesite,  MgCOg. 
Siderite,  FeCOg.  Cerusite,  PbCOg.  Dolomite, 
marble,  limestone. 

The  process  consists  in  liberating  the  carbonic  acid 
from  the  substance  by  acting  upon  a  weighed  quantity 
by  means  of  an  acid  which  forms  a  soluble  salt  with  the 
base.     Carbon  dioxide  escapes  as  a  gas, 
and  the  operation  being  conducted  in  a 
weighed  flask  the  amount  of  gas  escap- 
ing is  estimated  by  the  loss  of  weight 
observed.     A  flask  is  fitted  up  like  Fig. 
5;  its  capacity  may  be  100  c.c.  to  200 
^°  5.  c  c.,  or  thereabouts.     The  flask  and  fit- 

tings should  be  as  light  as  possible. 

Take  two  test-tubes  about  3  to  4  inches  in  length ; 
one  of  these  is  to  be  drawn  out  at  its  closed  end  to 
a  tube  J  of  an  inch  in  diameter,  with  an  opening 
from  which  the  gas  may  escape.  The  second  tube  is 
cut  in  two  by  scratching  it  all  round  with  a  sharp  file 
IJ  to  2  inches  from  its  closed  end,  and  then  touching 
the  mark  with  a  piece  of  very  hot  glass  rod  heated  to 
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melting  in  the  blow-pipe  flame.  A  slight  lip  may  be 
made  on  the  tube  with  a  conical  piece  of  charcoal  when 
the  glass  has  been  softened  in  the  flame.  The  tube  is 
to  be  suspended  in  the  flask  by  means  of  a  thread 
of  silk  or  a  horsehair.  Two  daffy  corks,  thoroughly 
sound  and  free  from  cracks,  are  then  squeezed  so  as  to 
soften  them.  In  default  of  a  proper  cork  squeezer,  this 
may  be  done  by  wrapping  them  each  in  paper  and 
rolling  them  on  the  floor  beneath  the  sole  of  the  foot. 
These  corks  are  neatly  bored,  coated  with,  or  soaked  in 
melted  paraffin,  and  tightly  fitted  with  quill-glass  tube 
of  about  J  of  an  inch  in  diameter.  The  large  cork 
for  the  flask  is  bored  for  two  holes,  that  for  the  calcium 
chloride  tube  for  one.  The  tube  descending  to  the 
bottom  of  the  flask  is  straight  and  open  at  each  end ;  the 
edges  are  rounded  by  being  softened  in  a  gas  flame.  It 
projects  above  the  cork  1  to  2  inches. 

The  exit  tube  just  passes  through  the  cork;  it  is 
bent  first  at  right  angles,  then  in  the  shape  of  a 
narrow  c:  :  the  ends  of  this  tube  must  be  rounded. 
The  calcium  chloride  tube,  loosely  plugged  at  the  narrow 
end  with  a  piece  of  cotton  wool,  is  filled  up  with  half- 
fused  porous  calcium  chloride.  It  is  best  fitted  for 
absorbing  moisture  when  broken  into  fragments  about 
the  size  of  swan-shot  or  small  peas,  and  sifted  so  as 
to  separate  dust.  At  the  wide  end  the  tube  is  again 
loosely  plugged  with  cotton  wool,  and  then  closed  with 
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a  perforated  cork  and  the  bent  tube.  This  fitting  must 
be  tested  to  ascertain  if  air  passes  quite  freely  by  placing 
a  piece  of  black  india-rubber  tube  over  the  narrow  end, 
and  sucking.  It  should  require  no  effort  to  draw  air 
through ;  otherwise  it  must  be  unpacked,  and  the  cotton 
wool  plugs  must  be  loosened.  Stoppers  may  be  pro- 
vided for  the  ends  of  the  two  tubes  by  taking  two  small 
corks,  say  J  of  an  inch  in  diameter,  and  J  an  inch  in  length, 
and  boring  holes  half-way  through  them,  so  that  they 
fit  tightly  over  the  ends  of  the  tubes ;  or  bits  of  india- 
rubber  may  be  stretched  over  pieces  of  glass  tube  sealed 
at  one  end,  and  then  fitted  on  to  the  tubes. 

The  small  test-tube  is  next  removed  from  the  flask 
and  suspended  by  a  loop  on  the  thread  or  horse-hair 
from  the  hook  on  the  balance,  its  weight  is  taken,  and 
there  is  introduced  0*5  to  1  gram  of  the  mineral ;  it  is 
weighed  again.  Into  the  flask  are  introduced  about 
20  C.C.  of  strong  hydrochloric  acid  mixed  with  an  equal 
volume  of  water.  The  tube  containing  the  mineral  is 
slung  inside  the  flask  by  the  thread,  so  that  it  is  inclined 
at  about  45°,  the  cork  is  inserted,  the  stoppers  to  the 
tubes  are  removed,  and  the  flask  and  contents  are 
weighed.  After  the  exact  weight  has  been  recorded,  the 
flask  is  inclined  to  allow  of  a  drop  or  two  of  acid  to  act 
on  the  carbonate;  when  effervescence  has  ceased  the 
fla.sk  is  inclined  again,  and  the  operation  is  repeated 
until  all  the  mineral  has  been  dissolved  and  the  contents 
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of  the  tube  washed  out  into  the  body  of  the  flask.  The 
gas  evolved  is  charged  with  minute  particles  of  liquid 
carried  upwards  as  the  bubbles  burst,  and  also  with  the 
vapour  of  the  liquid ;  the  former  particles  are  stopped 
by  the  cotton  wool,  and  the  vapour  is  retained  by  the 
calcium  chloride,  so  that  the  gas  escapes  in  a  dry  state. 
The  apparatus,  however,  retains  carbonic  acid  in  solution 
in  the  liquid,  and  to  remove  this  when  all  effervescence 
has  ceased  the  flask  should  be  gently  warmed  on  the 
top  of  a  water-oven,  if  such  a  thing  is  at  hand,  or  on 
wire  gauze,  or  a  hot  iron  plate.  A  piece  of  india-rubber 
tube  is  then  attached  to  the  calcium  chloride  tube,  the 
stopper  is  removed  from  the  straight  tube,  and  air  is 
gently  drawn  through  the  flask  by  applying  the  lips  to 
the  tube,  to  withdraw  all  the  carbon  dioxide  with  which 
the  flask  is  filled,  for  this  being  heavier  than  air  would 
add  to  the  apparent  weight  of  the  flask.  The  appara- 
tus is  then  allowed  to  cool,  and  weighed  again ;  the  loss 
of  weight  is  that  of  the  carbon  dioxide  expelled  from 

the  mineral. 

Grams. 
Weight  of  mineral  taken       .  .        =   1  -4705 


"Weight  of  apparatus  charged  .  =  96*3665 

Weight  of  apparatus  after  the  disen- 
gagement of  COg  .  .      =95-7185 


Loss  =  weightof  COj      =  0-6480 


a 
F 
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Calculation  to  find  the  percentage  of  carbon  dioxide 
in  the  mineral — 

•648X100     Percent. 

Notes. — (1.)  Should  it  be  desired  to  operate  upon  a 
mineral  containing  lead  such  as  cerusite,  or 
upon  white  lead,  nitric  must  be  substituted  for 
hydrochloric  acid. 

(2.)  It  is  better  to  remove  the  stoppers  from  the 
tubes  before  weighing. 

(3.)  The  corks  are  steeped  in  paraffin  to  prevent 
their  absorption  of  moisture. 


13.   ESTIMATION   OP   CARBON   DIOXIDE 
IN   CARBONATES— LIMESTONE. 

Another  Method. — A  platinum  crucible  or  capsule, 
provided  with  a  cover  of  platinum  foil,  is  first  heated  to 
redness  over  a  Bunsen  burner  for  five  minutes  and 
transferred  to  a  desiccator  to  cool.  Weigh  the  crucible, 
and  transfer  to  it  0*5  gram  of  the  finely  powdered  lime- 
stone, and  determine  its  weight  accurately.  Now 
ascertain  the  amount  of  moisture  present  by  passing 
a  Bunsen  flame  under  the  crucible  so  as  to  heat  it  very 
strongly  for  five  minutes,  but  not  to  redness,  cool  in  a 
desiccator,  and  weigh.     Repeat  the  operation  until  the 


13  SIMPLE  ESTIMATIONS  67 

weight  is  constant.  The  loss  represents  moisture.  The 
limestone  in  the  crucible  is  next  mixed  with  2  grams  of 
previously  fused  and  vitrified  borax  reduced  to  powder ; 
the  mixing  is  effected  by  stirring  with  a  rounded  glass 
rod  or  with  a  stout  wire,  the  stirrer  being  wiped  with 
some  of  the  powdered  borax  placed  on  a  sheet  of  paper, 
which  is  afterwards  added  to  the  borax  in  the  crucible. 
Weigh  the  crucible  and  contents  again.  The  mixture 
should  be  heated  over  a  Bunsen  burner  for  twenty 
minutes,  then  raised  to  a  full  redness  over  a  blast-lamp 
or  blow-pipe  for  another  twenty  minutes,  or  until  there 
is  no  further  escape  of  carbon  dioxide,  and  a  clear  glass 
remains.  The  crucible  is  then  cooled  under  a  desiccator 
and  weighed. 

Example. — Limestone —  Grams 

Weight  of  platinum  capsule  and  cover  .      =   9-850 

Weight  of  limestone        .  .  .  •      =   0-602 

Weight  of  limestone,  capsule,  and  cover        .     =10*452 

Weight  of  borax,  limestone,  capsule,  and  cover  =  1 2*887 
Weight  of  borax,  limestone,  capsule,  and  cover 

after  fusion  ....      =12*601 


Weight  of  COg     =   0*286 


0*286  X 100  ^^'''^^°*- 
^,^,      =47*5  COo. 
0*602  ^ 
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Three   results  with  two  limestones,  A  and  B,   ob- 
tained by  six  experimenters — 


per  cent  39'1  >  per  cent. 


Note. — All  volatile  matter,  such  as  water  or  bituminous 
matter,  must  first  be  expelled  from  the  limestone 
by  heating  to  a  temperature  short  of  redness. 


14.  ESTIMATION  OP  LIMB. 

Marble,  Calcite,  CaCOg. 

Weigh  out  about  1  gram  of  the  finely  powdered  sub- 
stance into  a  flask  of  about  250  c.c.  capacity,  moisten  the 
powder  with  water,  and  add  dilute  hydrochloric  acid  in 
small  quantities,  in  order  that  the  effervescence  may  not 
be  too  violent.  When  the  action  has  moderated  add 
some  more  acid,  and  if  solution  proceeds  slowly,  warm 
the  liquid  until  all  decomposition  of  the  carbonate  has 
ceased.  There  should  be  no  solid  residue,  but  if  any 
insoluble  particles  remain  the  solution  must  be  filtered, 
the  flask  rinsed  out  with  about  10  c.c.  of  water  three 
times  on  to  the  filter,  the  filter  washed  completely  with 
a  stream  of  hot  water  from  the  washing  bottle.     The 
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filtered  liquid  must  be  mixed  with  ammonium  chloride  to 
retain  any  magnesia  in  solution  and  ammonia  in  excess. 
There  should  be  no  precipitate;  but  if  any  forms,  the 
liquid  must  be  boiled  and  the  precipitate  filtered  off. 
The  liquid  is  thus  freed  from  oxide  of  iron  and  alumina. 

A  little  more  ammonia  is  added,  and  ammonium 
oxalate  is  poured  into  the  beaker  as  long  as  any  pre- 
cipitate falls.  In  this  way  calcium  oxalate  is  precipi- 
tated while  magnesia  is  retained  in  solution  by  the 
ammonium  chloride.  The  mixture  is  boiled,  the 
precipitate  allowed  to  settle,  the  liquid  decanted 
and  filtered.  The  precipitate  is  washed  twice  by 
decantation  with  hot  distilled  water,  transferred  to  the 
filter  and  washed  with  small  quantities  of  hot  water, 
each  of  which  should  run  through  the  filter  before  the 
next  is  added.  This  is  continued  until  the  washings 
give  no  turbidity  if  about  5  c.c.  are  collected  in  a  test- 
tube  and  tested  with  calcium  chloride.  The  precipitate 
is  dried  in  the  water-oven  or  in  a  current  of  warm  air, 
and  ignited  in  a  porcelain  or  platinum  crucible  just  pre- 
viously weighed. 

Burn  the  filter  in  the  manner  described  on  p.  17. 
The  crucible  is  then  fitted  into  a  hole  made  in  a  piece 
of  asbestos  cardboard,  which  is  supported  on  a  tripod 
and  tilted  up  at  one  side.  The  lid  of  the  crucible  is 
removed  and  heat  is  cautiously  applied  to  the  crucible, 
the  material  within  is  seen  to  shrink  and  gradually  bo- 
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eome  grey.  The  heat  may  then  he  increased  to  the 
greatest  intensity  of  a  hlast-lamp,  and  maintained  for 
half  an  hour.  The  first  process  of  ignition  converts  the 
calcium  oxalate  into  carbonate,  and  the  higher  tempera- 
ture changes  the  carbonate  into  caustic  lime.  The  lid 
is  then  placed  on  the  crucible,  which  is  allowed  to  cool 
in  a  desiccator,  and  the  contents  are  afterwards  weighed 
as  CaO.  Eepeat  the  heating  and  weigh  again  until  a 
constant  weight  is  attained. 

Example. — Dolomite —  Grams. 

Weighing-tube  +  dolomite,  before  .      =  30  8 155 
Weighing-tube  -f  dolomite,  after     .     =  29  -3472 


Dolomite  taken  for  analysis     =    1*4683 

The  mineral  was  dissolved  cautiously  in  hydrochloric 
acid,  the  solution  evaporated  to  dryness  and  dissolved  in 
water  acidified  with  hydrochloric  acid.  An  insoluble 
residue  was  filtered  off,  which  amounted  to  2*4  per  cent. 
The  percentage  of  lime  was  found  as  follows  : — 

Grams. 
Crucible  +  lid  +  CaO  .      =38*781 

Crucible -f  lid  .  .      =38*230 


0*551 
Filter-ash        .  .  .     =  0*006 


Weight  of  CaO     =  0*545 
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To  find   the   percentage  of  CaO  in  1*4683  parts  of 
dolomite — 

0-545x100     „^, 

=  3rl  percent. 

1-4683 


15.  ESTIMATION  OP  MAGNESIA. 

Epsom  salts,  MgSO^-THgO.     Kieserite,  MgSO^-HgO. 
Magnesite,  MgCOg.     Dolomite. 

The  hydrated  minerals  must  be  crushed  to  powder 
and  dried  by  pressure  between  folds  of  blotting-paper. 
The  powder  is  then  transferred  to  a  well  corked  test- 
tube. 

Weigh  out  from  0*5  to  1  gram  of  the  substance,  dis- 
solve it  in  50  c.c.  to  100  c.c  water,  or  by  the  aid  of  hydro- 
chloric acid  if  insoluble  in  water.  Filter  the  solution  if 
turbid  or  if  anything  remains  undissolved,  and  collect 
the  filtrate  in  a  beaker  capable  of  holding  between  300 
and  400  c.c.  of  liquid.  Add  to  the  clear  solution  from  25 
to  40  c.c.  of  ammonium  chloride  and  an  excess  of  ammonia, 
so  that  the  liquid  smells  strongly  ammoniacal.  Cautiously 
add,  while  stirring,  a  solution  of  sodium  orthophosphate 
until  no  further  precipitation  occurs.  Stir  the  liquid 
well,  but  without  allowing  the  stirring  rod  to  touch  the 
sides  of  the  beaker.  Allow  the  mixture  to  stand  covered 
over  for  twenty-four  hours,  decant  the  clear  liquid  on  to 
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a  filter,  wash  the  precipitate  with  distilled  water  to 
which  some  ammonia  has  been  added,  decant  the  wash- 
ings on  to  the  filter  by  a  stream  of  dilute  ammonia 
directed  from  a  wash  bottle  into  the  beaker,  the  mouth 
of  which  has  a  glass  rod  held  across  it,  so  that  the  liquid 
runs  down  the  rod  into  the  funnel  without  splashing. 
Some  of  the  precipitate  is  sure  to  adhere  to  the  beaker ; 
this  may  be  removed  by  washing  with  ammoniacal 
water,  and  at  the  same  time  rubbing  with  the  feather 
end  of  a  quill,  or,  what  is  better,  with  a  glass  rod,  the 
end  of  which  has  a,n  inch  or  so  of  black  india-rubber 
stretched  over  it.  When  the  whole  of  the  precipitate 
has  been  transferred  to  the  filter,  wash  with  a  few  drops 
of  ammoniacal  water,  and  test  the  filtrate  with  silver 
nitrate,  and  a  subsequent  addition  of  nitric  acid.  As 
soon  as  the  liquid  shows  no  trace  of  phosphate  or  chloride 
of  silver  under  these  circumstances,  the  filter  may  be 
dried.  When  dry,  the  precipitate  must  be  transferred 
to  a  porcelain  or  platinum  crucible  in  the  manner  already 
described.  The  filter  must  be  burnt  on  platinum  wire, 
and  the  ash  added  to  that  in  the  crucible.  It  is  more 
difficult  to  burn  all  the  carbon  off"  the  filter  with  this 
precipitate  than  with  others  ;  and  should  this  difficulty 
occur,  a  drop  of  fuming  nitric  acid  may  be  let  fall  from 
the  end  of  a  glass  rod,  or  from  a  very  small  pipette,  on 
to  the  ash  when  the  crucible  is  very  hot ;  or,  just  before 
drying,  the  difficulty  may  be  obviated  by  saturating  the 
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filter  with  a  very  strong  solution  of  ammonium  nitrate, 
and  burning  the  filter  in  a  porcelain  crucible,  after  the 
precipitate  has  been  transferred  thereto.  In  this  way 
the  ash  is  almost  entirely  consumed.  The  precipitate  is 
then  strongly  ignited  over  the  blow -pipe  for  twenty 
minutes,  or  until  the  residue  is  quite  white.  The  cru- 
cible is  cooled  in  a  desiccator  and  weighed,  the  contents 
being  magnesium  pyrophosphate,  MggPgO^. 

Notes. — (1.)  The  ammonio -magnesium -phosphate  is 
slightly  soluble  in  water,  but  not  in  dilute 
ammonia ;  hence  the  washing  is  performed  with 
the  latter. 

(2.)  When  using  a  platinum  crucible  it  is  necessary 
not  to  add  the  filter  to  the  crucible  until  it  has 
been  burnt  on  a  platinum  wire,  since  it  is  very 
diflficult  otherwise  to  burn  off  all  the  carbon. 
Moreover,  there  is  a  danger  of  the  phosphate 
being  reduced  to  magnesium  phosphate,  which 
would  corrode  the  crucible. 

(3.)  Though  in  many  cases  a  porcelain  crucible  may 
be  used,  without  much  disadvantage,  in  place  of 
one  of  platinum,  yet,  in  this  instance,  the  much 
higher  temperature  to  which  the  precipitate  may 
be  heated  over  the  blow-pipe  without  risk  of 
breakage,  and  the  consequently  more  complete 
combustion  of  the  filter- ash  in  a  given  time, 
render  it  advantageous  to  use  platinum. 
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Example. — ^A  specimen  of  dolomite  was  dissolved  in 
hydrochloric  acid  and  filtered  from  insoluble  matter, 
evaporated  to  drjmess,  dissolved  in  water,  and  again 
filtered;  the  calcium  was  precipitated  as  oxalate,  and 
the  liquid  was  filtered.  Ammonium  chloride  had  already 
been  added,  the  liquid  was  then  made  strongly  am- 
moniacal,  and  the  magnesia  precipitated  in  the  manner 

described. 

Grams. 
Weight  of  dolomite + weighing-tube,  before       =32-1750 
Weight  of  dolomite + weighing-tube,  after   .      =30*8155 


Dolomite  taken  for  analysis     =   1*3595 

Weight  of  crucible-f  lid+MggPgOy  .     =  38*7641 

Weight  of  crucible         ....      =38*2300 


Weight  of  Mg2P207  + filter-ash         .  .     =  0*5341 

Weight  of  filter-ash        .  .  .  .     =  0*0060 


Weight  of  MgaPgOy     =   0*5281 
Mg2P207=  222  parts,  contain  2MgO  =  80  parts,  thus— 


Mg2     24x2=   48 
P2     31X2=    62 
O7     16x7  =  112 

Mg2  =  48 
02  =  32 

222 

80 
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To  find  the  quantity  of  magnesia  in  0*5281  parts  of 
magnesium  pyrophosphate — 

80x0-5281 


222 


0-1903  MgO. 


To  find  the  percentage  of  MgO  in  1*3595  parts  of 
dolomite — 

0-1903x100     ,,  ^  .  .    , 
=  14   per  cent    nearly,  or,  more  precisely, 

^'^^^^  13-997  per  cent. 


16.   LIMESTONE,    DOLOMITE. 

Estimation  of  Lime,  Magnesia,  Ferric  Oxide, 
Alumina,  Carbon  Dioxide,  Silica,  and  Mois- 
ture.    Powder  about  10  grams  of  the  mineral. 

Estimation  of  Moisture. — Weigh  out  2  to  2-5 
grams  of  the  powdered  mineral  in  a  small  evaporating 
basin  or  crucible,  and  dry  it  in  the  air-bath,  on  a  plate  of 
iron,  or  on  a  piece  of  asbestos  cardboard,  heated  by  a 
Bimsen  burner,  weigh  it  at  intervals  of  about  ten  to 
twenty  minutes  until  it  ceases  to  lose  weight.  Cool  in 
a  desiccator  before  each  weighing. 

Estimation  of  Carbon  Dioxide. — This  is  to  be 
carried  out  according  to  the  method  of  solution  given  in 
Example  12.  If  necessary,  it  may  be  confirmed  by 
ignition  with  anhydrous  borax,  as  in  13. 
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Estimation  of  Sand  and  Clay. — The  solution  in 
hydrochloric  acid  contained  in  the  flask  after  the  evolu- 
tion of  carbon  dioxide  has  ceased,  and  the  apparatus  been 
weighed,  is  filtered  into  a  porcelain  basin  sufficiently  large 
to  hold  the  liquid  and  washings  of  the  filter.  The  resi- 
due on  the  filter  is  thoroughly  washed  with  hot  water 
until  no  longer  acid  to  test-paper ;  the  paper  is  re- 
moved from  the  funnel,  folded,  placed  in  a  pre- 
viously weighed  crucible,  and  heat  applied,  gently  at 
first  until  the  paper  is  dry.  The  temperature  is  then 
raised  to  redness  until  all  the  paper  has  been  consumed. 
The  residue  is  weighed  and  described  as  sand  and 
clay. 

In  the  event  of  the  limestone  containing  much  organic 
matter,  weigh  it  on  a  previously  dried  and  weighed  filter 
(p.  19),  and  when  the  weight  is  constant  at  100°  C,  ignite 
and  proceed  as  already  described. 

Estimation  of  Combined  Silica. — The  acid  solu- 
tion and  washings  from  the  siliceous  residue  are  nrixed 
with  a  little  nitric  acid,  evaporated  to  dryness,  and  the 
residue  digested  with  hydrochloric  acid  till  nothing 
remains  undissolved  but  white  flakes  of  silica.  Should 
the  evaporation  be  difficult  to  carry  to  dryness,  a  little 
water  may  be  added  two  or  three  times,  and  evaporation 
continued  on  the  water-bath,  or  over  a  flat  burner,  with 
a  number  of  very  small  flames — the  flames  being  placed 
at  least  6  inches  below  the  bottom  of  the  basin.     The 
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soluble  matter  is  then  treated  with  water  and  a  little 
hydrochloric  acid,  boiled  and  filtered  hot.  The  silica 
collected  on  the. filter  is  washed  until  the  washings  are 
no  longer  acid,  carefully  dried,  the  siUca  transferred  to 
a  previously  weighed  cnicible,  and  the  paper  burnt  on  a 
platinum  wire.  A  strong  ignition  is  then  cautiously 
applied  until  the  paper  is  consumed  completely.  Care 
should  be  exercised  that  the  silica,  which  is  very  light 
when  heated,  is  not  carried  away  by  currents  of  air. 
It  is  best  at  first  to  cover  the  crucible.  The  silica  is 
weighed  as  SiOg. 

Estimation  of  the  Ferric  Oxide  and  Alumina.— 
The  acid  solution  from  the  silica  is  mixed  with  a  con- 
siderable quantity  of  ammonium  chloride  and  an  excess 
of  ammonia,  and  gently  heated ;  the  precipitated  ferric 
hydrate  and  alumina  is  filtered  off,  washed  until  the 
washings  yield  no  precipitate  with  silver  nitrate,  dried, 
ignited,  and  weighed  as  FegOg  and  AlgOg.  The  lime- 
stone may  contain  the  iron  as  ferrous  carbonate,  in  which 
case  an  inaccuracy  creeps  in  here  if  the  quantity  is  more 
than  trifling.  If  there  is  much  iron,  this  must  be  sepa- 
rated from  the  alumina,  and  calculated  as  FeO. 

Separation  of  Iron  and  Alumina. — Proceed  as 
follows: — After  the  precipitation  with  ammonia  and 
complete  washing,  the  precipitate,  if  large  in  amount,  is 
treated  on  the  filter  with  hydrochloric  acid,  the  Uquid  is 
allowed  to  flow  into  a  silver  dish  (or  a  dish  of  pure 
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nickel) ;  a  hole  is  then  made  in  the  apex  of  the  filter  by 
passing  a  glass  rod  through  it,  and  all  traces  of  the  pre- 
cipitate are  washed  into  the  dish.  The  filter  is  then  again 
moistened  with  acid,  and  thoroughly  washed  with  water. 
A  concentrated  solution  of  perfectly  pure  caustic  potash 
or  soda,  free  from  iron,  alumina,  and  silica,  is  added  to  the 
filtered  liquid  in  large  excess  and  boiled.  The  precipitate 
formed  is  filtered  off,  washed  thoroughly  with  boiling 
water,  redissolved  in  hydrochloric  acid,  and  reprecipi- 
tated  by  adding  an  excess  of  ammonia  and  subsequent 
heating.  The  precipitate  is  filtered,  washed  with  hot 
water,  dried,  ignited,  and  weighed  as  Fe203.  It  is  cal- 
culated as  FeO. 

Estimation  of  Alumina, — The  solution  in  caustic 
alkali  is  acidified  with  dilute  hydrochloric  acid,  boiled, 
and  treated  with  a  slight  excess  of  ammonia ;  a  drop  of 
ammonium  sulphide  may  be  added.  It  is  filtered,  washed 
completely,  dried,  ignited,  and  weighed  as  AlgOg. 

Estimation  of  Lime. — The  filtrate  from  the  precipi- 
tate of  iron  and  alumina  must  be  mixed  with  an  excess 
of  ammonium  oxalate  until  no  further  precipitate  falls. 
The  magnesia  remains  in  solution.  The  liquid  is  boiled 
and  filtered.  The  precipitate  is  washed  thoroughly 
until  silver  nitrate  no  longer  yields  a  precipitate  with 
the  washings,  dried,  transferred  to  a  previously  weighed 
crucible,  the  filter  burnt  separately,  and  the  crucible 
gently  ignited.     During  ignition  the  calcium  oxalate  is 
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converted  into  carbonate.  At  a  red-heat  the  calcium 
carbonate  is  partially  decomposed  into  caustic  lime. 
Moisten  the  powder  when  cool  with  a  drop  or  two  of 
water,  and  test  with  a  very  minute  fragment  of  red 
litmus  or  turmeric  paper ;  if  there  be  any  alkaline  reac- 
tion add  a  little  powdered  ammonium  carbonate  to  the 
crucible  and  a  drop  of  water.  Heat  on  the  water-bath 
till  dry.  Now  remove  the  crucible,  and  place  it  on  a 
triangle  as  if  for  ignition ;  take  a  Bunsen  burner,  and, 
holding  it  in  the  hand,  move  the  flame  beneath  the 
crucible  so  that  it  is  heated  strongly  enough  to  vola- 
tilise the  ammonium  carbonate,  but  not  sufficiently  to 
become  red-hot  and  render  the  Hme  caustic;  weigh,  heat 
again,  and  ascertain  if  the  weight  is  constant;  if  not, 
repeat  the  addition  of  water  and  ammonium  carbonate. 
Weigh  as  CaCOg. 

Estimation  of  Magnesia. — This  is  to  be  made 
in  the  filtrate  from  the  calcium  oxalate,  according 
to  15. 

Example — Dolomite. — The  insoluble  residue  of  this 
specimen  contained  a  little  carbon.  Without  giving  the 
details  which  have  been  already  given  in  several  of  the 
preceding  examples,  the  results  are  as  follows : — Moisture 
was  not  estimated.  Of  sand  and  clay  there  was  none. 
Alkalies  were  not  estimated— 
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er  cent. 

Carbon  dioxide     . 

.     44-0 

Silica 

.       2-2 

Ferric  oxide 

.       2-0 

Lime 

.     37-3 

Magnesia    . 

.     13-99 

99-49 

Estimation  of  Alkalies  in  Limestone.— Dissolve 

20  grams  of  the  powdered  mineral  in  hydrochloric  acid, 
add  a  few  drops  of  nitric  acid,  boil,  and  then  add  am- 
monia and  ammonium  carbonate  in  excess.  Allow  the 
liquid  to  stand  over -night,  filter,  wash,  evaporate  the 
filtrate  to  drjniess  in  a  platinum  basin,  and  ignite  the 
residue  to  remove  the  ammonium  salts.  The  residue  is 
now  dissolved  in  water,  and  boiled  with  a  little  milk 
of  lime  to  precipitate  bases  other  than  the  alkalies. 
Remove  the  insoluble  matter  by  filtration,  and  wash. 
The  excess  of  lime  is  removed  from  the  filtrate  and 
washings  by  the  addition  of  ammonium  carbonate  and 
then  ammonium  oxalate.  Filter  off  the  precipitated 
calcium  carbonate  and  oxalate,  evaporate  to  dryness, 
and  ignite  again.  Take  up  the  residue  with  a  very 
small  quantity  of  water,  and,  if  necessary,  pass  the  solu- 
tion through  a  small  filter,  then  acidulate  with  hydro- 
chloric acid,  and  evaporate  to  dryness  in  a  platinum 
dish  which  has  been  previously  weighed.     Weigh  and 
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dry  the  dish  and  its  contents  until  the  weight  is  con- 
stant. Subtract  the  weight  of  the  dish,  and  thus  is 
obtained  the  weight  of  the  alkalies  as  chlorides.  By 
estimating  the  amount  of  chlorine  present  by  means  of 
silver  nitrate  (see  8  or  28,  pp.  47  and  115),  the  bases  as 
oxides  may  be  calculated,  since  71  parts  of  chlorine  are 
equivalent  to  16  of  oxygen. 
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VOLUMETRIC  ANALYSIS 
Introduction. 

If  molecular  proportions  of  any  two  reagents  are  dis- 
solved in  separate  portions  of  water  and  made  up  to  equal 
volumes,  a  measure  of  the  one  will  exactly  react  with  an 
equal  measure  of  the  other,  and  a  little  more  or  less  will  be- 
come an  excess  or  a  deficiency  of  the  reagent  in  the  mixed 
solutions.  When  the  solutions  have  been  thoroughly 
mixed,  all  that  we  require  is  some  delicate  test  which, 
while  it  will  not  interfere  "with  the  reaction,  will  indicate 
the  presence  of  an  excess  of  one  or  other  of  the  reagents. 

The  molecular  weight  of  sodium  carbonate,  NagCOg 
is  106,  and  that  of  sulphuric  acid  is  98.  These  sub- 
stances react  in  accordance  with  the  equation — 

Na^COg  -f  H2SO4  =  NaaSO^  +  HgO  +  COg. 

If,  therefore,  in  1  litre  of  a  solution  there  are  106  grams 

of  sodium  carbonate,  every  cubic  centimetre  of  this  will 

exactly  neutralise  0"098  gram  of  sulphuric  acid  according 

to  the  following  table  : — 

„  -,  ^.  Sodium  Carbonate.  Sulphuric  Acid. 

Solution.  ^  1, 

Grams.  Grams. 

1000     c.c.  containing  106  neutralise  98 
100     C.C.         „  10-6       „        9-8 

10     C.C.         „  1-06      „  -98 

1     C.C.         „  -106    „  -098 

0-1  C.C.         „  -0106  „  -0098 
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If  100  c.c.  of  a  solution,  which  makes  a  drop  of  litmus 
solution  turn  red,  require  35  c.c.  of  sodium  carbonate  to 
be  added  before  a  purple  tint  is  obtained,  then  the 
quantity  of  free  acid  in  100  c.c.  of  this  liquid  is  repre- 
sented by — 0-0098  X  35  c.c.  =  0-343  gram,  or  nearly 
0'343  per  cent.  If  100  grams  of  the  acid  be  weighed 
instead  of  simply  measured,  this  percentage  will  be  exact. 

Solutions  used  in  volumetric  analysis  are  called 
standard  solutions  or  normal  solutions.  A 
standard  solution  may  be  of  any  arbitrary  strength 
according  to  some  fixed  standard,  which  is  found  more 
convenient  for  one  reason  or  another  than  any  other 
strength;  as,  for  instance,  a  solution  of  silver  nitrate 
of  such  a  strength  that  1  c.c.  will  precipitate  1  milligram 
of  chlorine. 

A  normal  solution  is  one  in  which  1  c.c.  of  the  solu- 
tion exactly  reacts  with  a  quantity  of  another  substance 
equivalent  to  1  milligram  of  hydrogen.  Thus  23  is  both 
the  atomic  weight  and  equivalent  weight  of  sodium, 
and  therefore  1  c.c.  of  a  normal  solution  of  sodium 
carbonate  is  made  to  contain  23  milligrams  of  sodium 
or  53  milligrams  of  sodium  carbonate,  not  106  milli- 
grams, which  is  the  molecular  proportion. 

Sometimes  it  is  desirable  that  a  normal  solution 
should  contain  an  atomic  proportion,  as,  for  instance,  in 
the  case  of  iron,  or  such  a  quantity  of  a  reagent  as  will 
react  with  an  atom  of  iron. 
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It  is  distinctly  to  be  understood  that  wherever  parts 
are  mentioned,  this  means  parts  by  weight,  and  volumes 
mean  measures  or  parts  by  bulk. 

The  instruments  used  are  very  simple,  consisting  of 
measuring  flasks  for  large  quantities  of  liquid,  test 
mixers,  pipettes  marked  to  deliver  known  volumes  of 
solutions,  and  burettes 
or  tubes,  which  have  a 
scale  engraved  upon  the 
glass  by  which  the  quan- 
tity of  a  standard  solu- 
tion used  may  be  read 
off. 

The  most  convenient 
form  of  burette  is  that 
of  Geissler,  which  is  a 
long  tube  with  a  lateral 
glass  spigot  upon  it. 
The  commonest  form  is 
Mohr's  burette,  a  tube 
with  the  lower  end  constricted ;  upon  this  a  piece  of 
india-rubber  tube  of  small  dimensions  is  tied.  The 
india-rubber  is  pinched  by  a  brass  spring,  which  pre- 
vents the  liquid  flowing  out  by  a  glass  nozzle  terminating 
the  tube,  except  when  it  is  held  open  by  the  fingers. 
This  is  generally  called  a  pinch-cock. 

Standard  solutions,  which  are  generally  prepared  at 


100  c.c. 


1  Litre. 


1  Litre. 


Pio.  6.— Measuring  Flasks  and  Test 
Mixer. 
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15°  C,  should  be  used  at  that  temperature  as  nearly 
as  possible,  or  they  may  be  standardised  again  immedi- 
ately before  use  at  any  other  temperature.  An  error 
amounting  to  two-tenths  of  a  per  cent  may  be  introduced 
by  the  expansion  of  a  solution  when  warmed  to  25°  C. 
When  changes  of  temperature  so  considerable  are  un- 
avoidable, greater  accuracy  may  be  secured  by  weighing 
instead  of  simply  measuring  the  solution. 


ALKALIMETEY  AND  ACIDIMETRY. 

17.    PREPARATION    OF  A   NORMAL    SOLU- 
TION OP  SODIUM  CARBONATE. 

To  prepare  a  normal  solution  of  sodium  carbonate  it 
is  necessary  to  dissolve  an  equivalent  weight  of  the  com- 
pound in  a  litre  of  water.  For  this  purpose  the  salt 
must  be  perfectly  free  from  any  impurity.  As  ordinary 
sodium  carbonate  contains  both  chloride  and  sulphate, 
and  the  commercial  bicarbonate,  though  much  purer,  is 
not  free  from  these  impurities,  it  is  found  best  to  pre- 
pare the  pure  carbonate  specially  for  the  purpose. 

The  Preparation  of  Pure  Sodium  Carbonate.— 
A  considerable  quantity,  say  a  pound,  of  ordinary  com- 
mercial "bicarbonate  of  soda"  (NaHCOg)  is  powdered 
thoroughly  and  thrown  into  an  equal  bulk  of  cold 
water,  the  mixture  is  stirred,  allowed  to  stand,  and  then 
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decanted.  The  operation  is  repeated.  The  mass  is 
then  thrown  on  to  a  large  filter  and  drained  thoroughly. 
It  is  then  drenched  with  water,  drained  again,  and  the 
process  is  repeated  twice.  The  last  portion  of  washings 
which  drain  away  are  tested  for  sulphate  and  chloride. 
A  second  washing  will  frequently  remove  the  sulphate, 
but  a  fourth  is  required  to  separate  all  the  chloride. 
The  process  depends  upon  the  small  proportion  of 
sulphate  and  chloride  present,  and  the  readier  solubility 
of  these  salts  than  of  the  acid  sodium  carbonate.  There 
is  considerable  loss  of  material  owing  to  the  wash  water 
being  a  saturated  solution  of  the  salt.  The  pure  car- 
bonate is  then  drained  on  a  porous  tile,  in  a  perforated 
funnel,  or  between  folds  of  blotting-paper.  It  is  dried 
at  a  temperature  of  about  120°  C.  and  powdered.  By 
this  treatment  the  normal  carbonate  is  produced  accord- 
ing to  the  equation — 

2NaHC03  =  Na^COg+Hp+COg. 

Preparation  of  the  Normal  Solution. — A  portion 
of  the  dry  salt  is  ignited  in  a  porcelain  crucible  or  in  a 
small  evaporating  dish.  The  dish  and  contents  are 
cooled  in  a  desiccator  and  then  weighed.  Heating, 
cooling,  and  weighing  are  repeated  until  the  weight  is 
found  to  be  constant,  a  quantity  of  the  salt  equal  to  half 
its  molecular  weight  in  grams  is  then  dissolved  in  water 
and  made  up  to  1  litre  of  solution  in  a  marked  flask. 
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The  litre  would  then  contain  53  grams  of  the  carbonate, 
or  23  grams  of  sodium,  equivalent  to  1  gram  of  hydro- 
gen. Each  cubic  centimetre  of  this  solution  would  con- 
tain 23  milligrams  of  sodium.  Such  a  solution  may  be 
represented  by  the  formula — 

Na,C03. 


2000 


since  the  molecule  is  diffused  through  2000  parts  of 

water,  where  Na  =  23,  C  =  12,  and  0  =  16  ;  Na2C03  =  106, 

and  106 

=  53,  the  equivalent  weight  representing  an  atom 

2 

of  sodium  or  23  parts. 

Instead  of  taking  an  equivalent  weight  and  a  litre  of 
water,  26  grams,  or  half  an  equivalent,  and  half  a  litre  of 
water,  may  be  found  to  be  sufficient. 

Generally  speaking,  it  is  more  convenient  when  deal- 
ing with  small  quantities  of  material  to  proceed  as 
follows  : — The  porcelain  crucible  or  dish  containing  the 
ignited  salt  is  weighed,  and  a  small  quantity,  about  10 
or  20  grams,  is  transferred  to  a  dry  beaker  of  not  less 
than  250  c.c.  capacity,  and  the  requisite  quantity  of 
water  is  added  to  a  saturated  solution  of  the  salt 
so  as  to  bring  its  strength  down  to  53  grams  per 
litre. 

The  volume  which  the  solution  should  occupy  is 
calculated  thus — 


17  VOLUMETRIC  ANALYSIS  91 

Let  w  =  the  weight  of  sodium  carbonate,  and  V  =  the 
volume  of  the  normal  solution  in  cubic  centimetres, 


then 

w  (1000  C.C.)    ^^ 
63             ^' 

or 

wlOOO 
~     53     * 

Thus— 

Example.- 

—Weight  of  sodium  carbonate  taken  =  9-703 

grams ; 
then 

9-703x1000     ,^^,,_ 

=  10^-1  c.c. 

53 

The  weighed  quantity  of  salt  in  the  beaker -glass  is 
dissolved  by  pouring  upon  it  about  20  c.c.  to  50  c.c.  of 
boiling  water,  this  is  transferred  without  losing  a  drop 
of  the  liquid  to  a  small  test  mixer,  the  flask  is  then 
rinsed  three  or  four  times  by  a  stream  of  cold  water 
from  a  wash  bottle,  and  the  rinsings  are  added  to  the 
liquid  in  the  test  mixer;  subsequently,  when  all  the 
solution  has  thus  been  removed  from  the  beaker,  water 
is  added  to  bring  the  volume  up  to  180  c.c,  and  3-1  c.c. 
are  run  in  from  a  burette.  The  solution  is  then  well 
shaken,  so  as  to  mix  it  thoroughly. 

Notes. — (1.)  In  adding  water  to  make  up  a  certain 
volume,  it  is  almost  impossible  to  keep  the  flow 
from  an  ordinary  tap  or  from  a  washing  bottle 
under  proper  control,  so  that  there  is  great  risk 
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of  adding  too  much.  It  is  found  advantageous 
to  add  the  last  portions  from  a  small  beaker,  or 
a  test-tube,  or  better,  from  a  dropping-tube,  kept 
for  the  purpose. 
(2.)  White  jugs  which  can  be  washed  and  dried  by- 
wiping  the  inside  with  a  linen  cloth  are  very- 
useful  for  mixing  solutions.  Liquids  can  be 
stirred  in  them  with  strips  of  glass  an  inch-or- 
two  wide.  Ordinary  white  basins  of  a  quart 
capacity,  with  strips  of  glass  as  stirrers,  are  use- 
ful for  titration,  when  the  liquid  has  not  to  be 
heated. 


18.    THE  PREPARATION  OF  NORMAL 
NITRIC  ACID. 

Ascertain  the  strength  of  pure  nitric  acid  by  finding 
its  specific  gravity  with  a  hydrometer  at  60°  F.  or  15° 
C.  (see  p.  236),  and  referring  to  tables  giving  the  per- 
centage of  real  acid.  Find  the  quantity  of  real  acid  in 
each  cubic  centimetre  of  the  reagent.  Calculate  the 
number  of  cubic  centimetres  of  the  reagent,  which  must 
be  diluted  to  a  litre  in  order  to  yield  a  solution  of 

HNO3     63 

the  strength  »  >  or  63  grams  of  nitric  acid  in 

1000  c.c.  of  solution,  which  is  conveniently  denoted  by 
this  formula. 
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Example. — The  temperature  being  IS'S"  C. ;  sp,  gr.  of 
acid,  1-4:1 ;  strength  of  acid,  69  per  cent:  hence  1  c.c, 
weighing  1*418  grams,  contains 

1-418x69     ^^^^  ,      ., 

— — — —  =0-978  gram  real  acid. 

Where  H  =  l,  N  =  14,  and  0  =  16,  HN03  =  63,  and 
the  normal  acid  contains 

HNO„  63 

?  or 

1000         1000 

Since  1  c.c.  contains  0*978  gram  real  acid,  the  volume 
of  this  acid  required  in  a  litre  of  normal  acid  will  be 

63 


0-978 


=  64*4  CO. 


Hence  64*4  c.c.  of  the  acid  may  be  delivered  out  of  a 
burette  into  a  litre  flask,  and  then  diluted  up  to  the 
mark.  The  acid  is  mixed  completely  by  being  poured 
out  into  a  large  dry  jug  or  beaker  and  stirred  well  with 
a  slip  of  glass  an  inch-or-two  broad. 


19.  TITRATION  OF  A  NORMAL  ACID  BY 
SODIUM  CARBONATR 

Preparation  of  an  Indicator  of  Acidity.— Before 

operating  with  the  normal  solutions  it  is  well  to  become 
familiar  with  the  changes  of  colour  which  are  caused  by 
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acids  and  alkalies  in  a  dilute  solution  of  litmus.  If 
tincture  or  infusion  of  litmus  be  blue,  it  should  be  very 
carefully  rendered  neutral  by  the  addition  of  a  very 
dilute  nitric  acid,  drop  by  drop,  until,  after  shaking,  a 
violet  tint  remains.  If  the  liquid  is  strongly  blue,  it 
should  be  made  brilliant  red  by  means  of  nitric  acid,  and 
very  dilute  alkali  (caustic  soda  or  caustic  potash)  should 
be  added,  until  a  violet  colour  results.  A  few  drops  of 
the  neutral  litmus  should  then  be  dropped  into  a  pint 
beaker  and  half-filled  with  distilled  water.  Note  the 
addition  of  0*1  c.c.  of  nitric  acid;  also,  in  like  manner, 
observe  the  action  of  0*1  c.c.  of  sodium  carbonate  solution. 
Boil  the  liquid,  and  add  one  more  drop,  O"!  c.c.  of  the 
carbonate.  Remark  how  the  liberated  carbonic  acid 
causes  the  litmus  to  become  of  a  wine-red  colour,  which, 
after  boiling,  becomes  permanently  blue  if  the  alkali  is 
in  slight  excess.  Other  indicators  may  be  used  instead 
of  litmus,  such  as  helianthin  or  methyl-orange,  fluores- 
ceine,  phenol  -  pthaleine,  and  aurine,  provided  their 
sensitiveness  is  first  tested.  Helianthin  is  to  be  pre- 
ferred; it  is  an  orange-coloured  salt  which  becomes 
purple  on  the  addition  of  an  acid.  Tinge  about  100  c.c. 
of  distilled  water  with  the  litmus  solution  of  exactly  the 
neutral  violet  tint,  and  keep  this  in  a  beaker  on  a  sheet 
of  white  paper  for  comparison. 

Titration  of  the  Soda  Solution. — Measure  out 
50  c.c.  of  the  normal  soda  solution  in  a  marked  50  c.c. 
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flask,  or  with  a  50  c.c.  pipette,  or  run  the  requisite 
quantity  into  a  beaker  of  about  200  c.c.  capacity.  Add 
a  few  drops  of  litmus  and  warm  the  liquid.  For  this  pur- 
pose the  beaker  should  be  placed  on  wire  gauze  over  a 
gas-burner.  Add  from  a  burette  about  45  c.c.  of  normal 
nitric  acid.  When  effervescence  has  ceased,  boil.  Fur- 
ther additions  of  acid  are  to  be  made  cautiously,  and  the 
liquid  is  boiled  briskly  after  each  addition.  Finally,  the 
acid  is  added  drop  by  drop,  until,  after  boiling,  a  per- 
manent reddish  violet  tint,  indicating  neutrality,  is 
attained  by  the  liquid.  Not  fewer  than  three  titrations 
should  be  made  with  different  portions  of  the  alkaline 
solution.  The  burette  should  be  read  after  each  titra- 
tion, and  the  quantity  used  should  be  noted  at  the  time, 
the  readings  being  exact  to  y^  of  a  cubic  centimetre. 

Example. — Quantity   of  sodium  carbonate  used :  (1) 
50  c.c  ;  (2)  50  c.c. ;  (3)  50  c.c. 

Acid  required  :  (1)  49-9  c.c.  ;  (2)  50  c.c. ;  (3)  50  c.c. 
This  acid  is  strictly  normal. 

That  is  to  say — 1  c.c.  containing  half  a  molecule — ^ 

or  -053  gram  of  sodium  carbonate,  will  neutralise 

HNOg  or  063  gram  nitric  acid. 

HCl      or  -0365  gram  hydrochloric  acid. 

— — -  or  -049  gram  sulphuric  acid. 


<U 
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20.  THE  STANDARDISING  OF  ACIDS  BY 
MEANS  OF  SODIUM. 

"When  pure  sodium  carbonate  is  not  obtainable,  pro- 
ceed in  the  following  manner  : — 

A  block  of  sodium  is  cleansed  from  naphtha  by  pres- 
sure between  folds  of  filter-paper,  and  cut  rapidly  with 
a  large  cork-knife,  so  that  each  surface  is  but  very  little 
tarnished,  giving  the  metal  a  purplish  or  bluish  tint. 
The  piece  of  metal,  which,  if  possible,  should  not  be 
touched  with  the  fingers,  is  instantly  placed  in  a  capsule, 
such  as  may  be  made  out  of  two  test-tubes  by  cutting  off 
their  lips  and  inverting  one  within  the  other.  When  the 
tubes  fit  properly,  sodium  can  be  weighed  in  them  quite 
accurately. 

When  no  blocks  of  sodium  are  at  hand,  but  only  small 
pieces,  put  sufficient  of  them  into  a  test-tube,  quite  dry 
of  coursSy  and  cover  with  paraffin  oil.  Heat  until  the 
sodium  melts  into  a  bright  globule.  Allow  to  cool,  pour 
off  the  paraffin,  wrap  the  sodium  in  blotting-paper,  and 
then  wipe  with  a  dry,  clean,  linen  cloth ;  weigh  as  before. 

The  sodium  is  dissolved  in  50  to  100  c.c.  of  pure 
alcohol,  in  a  flask  of  350  c.c.  capacity,  the  neck  of  which 
is  inclined,  a  stream  of  water  running  over  the  body  of 
the  flask  to  cool  it.  When  the  sodium  ethylate  becomes 
viscid  and  the  action  slow,  a  drop  of  water  may  be  added, 
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and  this  effects  the  solution  of  the  metal  quietly  and 
completely.  If  a  deci-normal  solution  of  alkali  be 
desired,  it  is  only  necessary  to  make  up  the  liquid  to 
the  required  volume.  If,  however,  a  simple  titration  to 
fix  the  strength  of  an  acid  is  wanted,  dilute  with  an 
equal  bulk  or  more  of  water,  and  proceed  as  usual. 

Example — 

Grams  of  Acid      H2SO4  in 

Sodium.  C.C.  1000. 

(1)  0-620  required  25-8  =  51-20  grams. 

(2)  0-713       „        29-7  =  51-13      „ 

(3)  0-742       „        30-7  =  51-42      „ 

Mean  =  51-25       „ 

The  pieces  of  sodium  were  weighed  in  a  capsule  and 
dropped  one  after  the  other  into  three  flasks  containing 
alcohol,  the  weight  of  each  piece  of  sodium  being  of 
course  known  by  difierence  in  four  successive  weighings. 
Two  precipitations  with  barium  chloride  of  25  c.c.  of 
the  acid  gave  in  each  case  3-041  grams  BaSO^,  indicating 
51-2  parts  HgSO^  per  1000. 


21.  ESTIMATION  OP  H.SO^  IN  OIL  OP 
VITRIOK 

Weigh  out  about  30  grams  of  oil  of  vitriol  in  a  beaker 
provided  with  a  watch-glass  cover.  The  beaker  and  its 
cover  are  previously  weighed.     Transfer  the  acid  to  a 

H 
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flask  of  500  c.c.  capacity,  avoiding  loss.  Kinse  out  the 
teaker  three  or  four  times  with  cold  water,  and  pour  the 
rinsings  into  the  flask.  Dilute  the  acid  with  about 
300  c.c.  of  water,  cover  the  flask  with  an  inverted  beaker- 
glass,  large  enough  to  pass  well  over  the  mouth  of  the 
flask,  and  place  the  flask  with  its  cover  under  the  tap,  so 
that  water  may  flow  over  to  cool  it.  When  the  liquid  is 
quite  cold,  fill  up  to  the  500  c.c.  mark  with  cold  water. 

Three  separate  titrations  with  50  c.c.  of  the  sulphuric 
acid  are  to  be  made  with  the  solution  of  normal  sodium 
carbonate. 

Example — 

Weight  of  oil  of  vitriol  34*89  grams,  diluted  to  600  c.c. 

Acid  taken.  Sodium  Carbonate  required. 

(1)  50  c,c.  66-2  c,c. 

(2)  50  c.c.  Q>Q  c.c. 

(3)  50  c.c.  66  c.c. 

As  1  c.c.  of  sodium  carbonate  solution  is  equivalent 
to  0-049  gram  of  sulphuric  acid,  0*049  gram  x  66  =  3*234 
grams  of  sulphuric  acid  contained  in  50  c.c.  of  the  dilute 
acid  titrated;  but  there  were  34*89  grams  of  oil  of 
vitriol  diluted  to  500  c.c.  Therefore 
32*34X100^^^.^^ 
34*89 

There  are  97*72  per  cent  of  sulphuric  acid  in  the  oil  of 
vitrioL 
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22.  THE  ESTIMATION  OP  AMMONIA  IN 
AMMONIUM  SALTS. 

When  ammonium  salts  of  powerful  acids  are  heated 
with  a  solution  of  caustic  alkali  the  ammonia  is  expelled. 
The  alkali  which  has  expelled  the  ammonia  exists  in  the 
solution  as  a  neutral  salt;  any  excess  that  has  been 
added  remains  caustic,  and  may  be  estimated  by  means 
of  a  standard  acid. 

Take  10  grams  of  ammonium  chloride,  preferably  the 
pure  crystallised  salt,  heat  at  100°  C.  imtil  its  weight  is 
constant.  A  porcelain  crucible  may  be  used  for  contain- 
ing the  salt.  About  1  gram  of  the  salt  is  transferred  to 
a  flask  of  about  J  litre  capacity,  containing  50  c.c.  of 
water ;  the  crucible  with  the  salt  is  then  weighed  again, 
and  the  difference  between  the  first  and  second  weighings 
gives  the  weight  of  the  salt  taken. 

Prepare  a  solution  of  caustic  soda  and  titrate  it  with 
a  normal  sulphuric  acid,  then  make  up  the  solution  to 
such  a  volume  that  50  c.c.  will  exactly  neutralise  50  c.c. 
of  the  acid. 

To  the  solution  of  the  ammonium  chloride  add  from 
a  pipette  50  c.c.  of  the  caustic  alkali,  and  boil  vigorously 
till  the  steam  no  longer  tinges  turmeric-paper  brown. 
Add  to  the  liquid  a  few  drops  of  a  solution  of  helian- 
thin,  and   titrate    Avith  normal  acid  until   the   yellow 
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colour  changes  to  purple.  Each  cubic  centimetre  of 
the  alkali  which  has  lost  its  causticity  is  equivalent  to 
17  milligrams  of  ammonia. 

Example. — Let  wi  =  number  of  c.c.  of  acid  used, 
then  60  c.c.  -m  =  ny  the  c.c.  of  alkali  utilised  in  expelling 

the  ammonia. 
As  the  acid  is  normal,  each  c.c.  =  0-017  gram  of  ammonia, 

orNHg; 
therefore  n  (0'017  gram)  =  a;,  the  quantity  of  ammonia  in 

the  ammonium  salt  taken. 


VAEIOUS    VOLUMETKIC    METHODS. 
2a  THE  ASSAY  OP  IRON. 

When  potassium  dichromate  is  added  to  a  solution 
of  a  ferrous  salt  in  presence  of  a  free  acid,  the  follow- 
ing reaction  occurs  :  —  6FeSO^+K2Cr20y+7H2SO^  = 
3Fe2(SO^)3+K2SO^+Cr2(SO,)3+7H20.  ^ 

From  this  equation  it  will  be  perceived  that  a  mole- 
cule of  the  salt  KgCrgO^  is  capable  of  oxidising  6FeS0^. 
For  every  atom  of  iron,  therefore,  J  of  a  molecule  of 
potassium  dichromate  is  required.  The  molecular  weight 
of  KgCrgOy  is  294-8. 

K  =  39,  Cr  =  62-4,  0  =  16, 

A  294-8      .._ 

and  =  49*15. 

6 
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49*15  parts  of  potassium  dichromate,  or  J  of  a  molecule, 
in  1000  C.C.  constitute  a  normal  solution,  and  each  c.c. 
is  equivalent  to  0  056  gram  of  iron.  It  is  found  that 
a  solution  J^  of  this  strength  gives  more  accurate 
results. 

Preparation  of  a  Deci-normal  Solution.— Well 
crystallised  potassium  dichromate  is  gently  fused  by 
heating  in  a  porcelain  crucible.  The  fused  mass  is 
crystalline  and  free  from  water.  It  is  removed  from 
the  crucible,  crushed  and  powdered.  About  5  grams  of 
the  salt  are  weighed  out  into  a  beaker,  dissolved  in  a 
minimum  of  water,  and  then  made  up  to  such  a  volume 
that  there  are  4*915  grams  in  1000  c.c. 

Let  w  =  the  weight  of  salt  taken, 

,,         w  1000  c.c.  .      ,  ,  ,  .  ,     , 

then    IS  the  volume  to  which  the  solution 

4-915 

must  be  diluted. 

Example. — "Weight  of  salt  taken,  9*246  grams, 

^,        9*246  X 1000  c.c      ,^^,  ..  ,  r    .i. 

then    =  1881  c.c,   the    volume    of    the 

4*915 

deci-normal  solution. 

The  solution  was  made  at  first  in  about  30  c.c.  of 
water  transferred  to  a  litre  flask,  and  the  beaker  rinsed 
three  or  four  times  very  carefully  with  water,  the  rins- 
ings were  poured  into  the  flask,  then  the  flask  was  filled 
up  to  the  mark.     This  solution  was  poured  into  a  large 
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vessel  capable  of  holding  two  litres,  and  into  the  litre 
flask  there  were  poured  carefully  measured  quantities  of 
500  c.c,  250  c.c,  100  c.c,  and  33  c.c.  of  water,  which 
were  afterwards  added  to  the  solution  in  the  bottle, 
making  in  all  1881  c.c. 

Titration  of  the  Dichromate  Solution.— It  is 
necessary  to  prepare  a  solution  of  pure  iron  of  known 
strength.  This  may  be  done  by  selecting  well-formed 
crystals  of  ammonium  ferrous  sulphate ;  the  formula  of 
the  salt  is  (NH^)2SO^-FeSO^-6H20.  The  crystals,  which 
should  be  dry,  but  not  effloresced,  are  crushed  to  powder 
and  pressed  between  blotting-paper  to  remove  any 
moisture  which  may  have  been  enclosed  in  the  crystals. 
A  porcelain  crucible,  with  lid,  is  weighed,  and  a  small 
quantity  of  the  salt  is  weighed  in  it.  One-seventh  the 
weight  of  the  salt  represents  metallic  iron.  A  convenient 
quantity  to  take  for  each  titration  is  about  1  -5  gram ; 
it  may  be  dissolved  in  50  c.c.  of  water,  acidulated  with 
50  c.c.  of  sulphuric  acid  of  approximately  normal 
strength — that  is  to  say,  one  volume  of  oil  of  vitriol 
mixed  with  twenty  volumes  of  water. 

Instead  of  using  a  ferrous  salt,  which  is  not  always  at 
hand,  or  procurable  in  a  perfectly  pure  state,  fine  "  flower 
wire,"  or  annealed  iron  wire,  will  answer  the  purpose. 
The  wire  must  be  bright ;  if  necessary,  it  may  be  cleaned 
with  fine  emery  cloth.  About  0"2  gram  of  the  wire  is 
weighed  out  and  doubled  up,  or  cut  into  pieces  with 
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scissors,  and  introduced  into  a  flask  of  about  100  c.c.  to 
150  c.c.  capacity.  Fifty  cubic  centimetres  of  dilute  sul- 
phuric acid  are  placed  in  the  flask,  which  is  then  covered 
^vith  a  watch-glass,  and  warmed  until  the  whole  of  the 
metal  has  dissolved  ;  the  solution  must  be  used  immedi- 
ately, since  the  ferrous  sulphate  is  liable  to  be  oxidised  by 
the  entrance  of  air  into  the  flask.  The  air  may  be 
excluded  by  fitting  the  flask  with  a  perforated  cork, 
through  which  passes  a  quill  tube,  2  inches  in  length. 
Slipped  over  the  tube  and  outside  the  flask  is  a 
piece  of  black  india-rubber  tubing,  with  a  longitudinal 
slit  in  it  J  an  inch  long  (Fig.  7).  Above  the  slit 
the  tube  is  closed  at  the  end  with  a  stopper  of  glass 
rod.  The  slit  in  the  rubber  acts  as  a  valve, 
through  which  the  hydrogen  may  escape  ; 
when  the  atmosphere  of  the  flask  contracts 
upon  cooling,  the  excess  of  pressure  with- 
out closes  the  slit  so  that  air  cannot  enter. 
Before  attempting  to  remove  the  cork, 
slip  off"  the  india-rubber,  or  remove  the 
stopper  of  glass  rod  to  allow  the  air  to 
enter.  The  flask  containing  the  solution  '  "• 
of  iron  is  emptied  into  a  beaker,  and  rinsed  out  with 
water  which  has  been  boiled,  to  expel  air.  The  deci- 
normal  solution  of  dichromate  is  added  to  the  ferrous 
sulphate,  and,  after  each  addition,  stirred  with  a  glass 
rod.     The   reduction  of   the    chromate  to  chromium 
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sulphate  is  made  evident  by  the  yellow  solution  be- 
coming green.  The  termination  of  the  reaction,  how- 
ever, cannot  be  observed  in  this  way,  but  is  recognised 
by  the  fact  that,  while  potassium  femcyanide  strikes 
a  deep  blue  colour  with  a  ferrous  salt,  this  reaction 
ceases  as  soon  as  complete  oxidisation  has  been  effected. 
A  crystal  of  potassium  ferricyanide  is  washed  with 
water,  dried  with  a  cloth,  and  then  dissolved  in  about 
40  parts  of  cold  water.  A  white  plate  is  spotted  with 
small  drops  of  this  solution  taken  up  with  a  glass  rod. 
After  each  addition  of  the  dichromate  solution  the 
glass  rod  is  withdrawn  and  a  drop  of  the  liquid  allowed 
to  fall  on  to  a  drop  of  the  ferricyanide  ;  the  blue  colour, 
at  first  strong,  becomes  faint,  and  when  the  reaction 
ceases  the  analysis  is  finished.  It  is  necessary  to  make 
the  last  additions  of  the  solution  very  cautiously,  about 
two  drops  at  a  time. 

Example. — 0-245  gram  of  pianoforte  wire  are  weighed. 
The  true  weight  of  the  iron  in  this  may  be  reckoned  as 
99-7  per  cent,  or  0-245  gram  X  0*997  =  0-2442  gram. 
There  were  44*4  c.c.  of  deci-normal  solution  of  potassium 
dichromate  required,  therefore 

0-2442 
=  0*0055  gram  of  iron. 
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24.  ESTIMATION  OP  IRON  IN  IRON   ORES. 

The  ores,  which  may  be  examined  in  the  manner  about 
to  be  described,  are  magnetite,  FcgO^ ;  red  haematite, 
FegOg;  brown  haematite,  Fe^O^-Ufi;  siderite,  FeCOg; 
and  other  ores  containing  the  ferrous  carbonate,  such  as 
black-band  and  clay  iron-stone. 

The  Sampling  of  Ores. — Ores  to  be  analysed  for 
commercial  purposes  must  be  first  very  carefully  sampled. 
Differences  between  two  analyses  may  often  be  traced 
to  bad  sampling ;  therefore,  to  expend  time  and  labour 
on  the  analysis  of  material  which  does  not  represent  the 
average  quality  of  the  ore  is  worse  than  useless,  because 
it  is  misleading.  Several  pieces  of  the  ore  should  be 
taken  from  the  different  parts  of  a  large  heap ;  these 
should  be  coarsely  powdered  and  mixed,  and  about  half 
a  pound  should  be  taken  from  the  bulk  and  preserved 
in  a  well-stoppered  bottle  for  analysis.  A  convenient 
quantity  may  be  still  more  finely  powdered,  and  one- 
half  of  this  is  reduced  to  a  very  fine  powder  in  an  agate 
mortar,  sifted  through  very  fine  gauze,  and  again 
powdered  imtil  it  no  longer  feels  gritty  between  the 
fingers. 

The  Estimation  of  Iron. — Five  grams  of  the 
finely  powdered  ore  are  introduced  into  a  flask  of 
about  250  cc.  capacity,  together  with  10  c.c  of  water, 
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and  30  c.c.  of  strong  hydrochloric  acid :  the  mixture 
is  gently  heated  and  occasionally  agitated  until  all 
effervescence  caused  by  the  decomposition  of  carbonates 
has  ceased;  the  temperature  is  then  raised  and  the 
mixture  boiled  for  about  fifteen  minutes.  The  solu- 
tion of  the  iron  is  then  reduced  by  one  of  two  methods 
from  the  state  of  perchloride  to  that  of  protochloride. 
(1)  Sulphuretted  hydrogen  may  be  passed  through  the 
liquid  contained  in  a  flask  until  it  is  quite  colourless 
and  charged  with  the  gas,  when  it  must  be  boiled  until 
all  excess  is  expelled.  The  steam  issuing  from  the 
mouth  of  the  flask  should  be  tested  from  time  to  time 
with  paper  dipped  in  a  solution  of  lead  acetate  until  it 
no  longer  causes  a  brown  stain.  (2)  It  may  be  reduced 
by  zinc;  for  this  purpose,  pieces  of  the  pure  metal  about  the 
size  of  small  beans  are  put  into  the  flask  to  the  quantity 
of  50  or  100  grams,  and  the  liquid  is  boiled,  a  cork  and 
india-rubber  valve  being  fitted  to  the  flask  (Fig.  7).  The 
liquid  may  then  be  rapidly  filtered  into  a  250  c.c.  flask  and 
made  up  to  the  requisite  volume  with  previously  boiled 
and  cooled  water.  For  each  titration  50  c.c.  or  100  c.c. 
are  taken,  according  to  the  quantity  of  potassium 
dichromate  required,  the  liquid  being  removed  with  a 
pipette.  Thus  50  c.c.  may  be  added  to  the  first,  and  a 
second  titration  commenced,  almost  the  whole  of  the 
requisite  quantity  of  the  volumetric  solution  being 
added  at  once.     The  operation  is  then  repeated  in  the 
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same  way.     The  indicator  used  is,  as  before,  potassium 
ferricyanide. 

The  quantity  of  ore  is  5  grams  in  250  c.c. ;  50  c.c. 
=  ^,  and  therefore  each  titration  is  performed  upon  1 
gram.  Supposing  that  the  following  quantities  of  solu- 
tion have  been  used : — 


(1)  50-2  C.C. 

(2)  49-8  c.c. 

(3)  50  c.c. 

(4)  50  c.c. 


Mean,  50  c.c. 


Then  we  may  assume  that  50  c.c.  are  required  for  each 
gram  of  ore,  and  as  the  solution  is  of  such  a  strength 
that  1  c.c.  =  0-0055  gram  of  iron,  50  X  0-0055  =  0-275 
grams,  there  are  0*275  gram  of  iron  in  1  gram  of  ore, 
or  27-5  in  100  grams.,  ie.  27-5  per  cent 

Ores,  however,  frequently  contain  both  ferrous  and 
feme  compounds,  and  in  order  to  determine  the  quantity 
of  each  a  series  of  titrations  is  made  first  with  the  ferric 
compounds  unreduced,  and  secondly  after  reduction  has 
taken  place.  This  will,  of  course,  require  double  the 
quantity  of  material  to  be  operated  upon.  It  is  usual, 
then,  to  reckon  the  iron  as  protoxide  and  peroxide  by 
deducting  the  iron  found,  in  the  first  instance,  from 
that  found  in  the  second,  and  calculating  their  corre- 
sponding weights  in  ferrous  and  ferric  oxides.  Where 
Fe  =  56  and  0  =  16,  corresponding  weights  of  iron,  fer- 


2 

=  66 

144 
2 

=  72 

160 
2 

=  80. 
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rous  oxide,  and  ferric  oxide,  are  represented  by  the 
numbers  56,  72,  and  80,  since 


2Fe  =  56  X  2  =  112 
2FeO  =  56  X  2  +  16  X  2  =  144 
FegOg  =  56  X  2  +  16  X  3  =  160 


Hence  a  solution  which  is  deci-normal  may  be  used 
for  estimating  iron,  ferrous  oxide,  or  ferric  oxide,  by 
substituting  for  the  factor  0'0056  for  iron,  0*0072  for 
ferrous  oxide,  and  0*008  for  ferric  oxide. 

If  the  solution  is  not  strictly  deci-normal,  but  con- 
tains 0'0055  gram  of  iron  instead  of  0-0056  gram,  then 

1  ^  ^      0-0072  X  0-0055 
1  c.c.  ^ 

0-0056 
=  0-00707  gram  of  ferrous  oxide. 

Note. — The  reduction  process  is  of  much  importance 
in  the  estimation  of  iron.  The  reactions  are  the 
following : — 

FegClg  +  HgS  =  2FeCl2  +  2HC1  -f  S 
FcgClg  -f    Zn  =  2FeCl2  +  ZuQ\. 
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25.  THE    DETERMINATION    OF   IODINE  BY 
SODIUM  THIOSULPHATE. 

Preparation  of  a  Deci-normal  Solution  of  Iodine. 

— For  this  purpose  it  is  necessary  to  obtain  purer  iodine 
than  that  which  can  be  purchased.  Commercial  re- 
sublimed  iodine  is  intimately  mixed  with  about  one- 
fourth  its  weight  of  pure  potassium  iodide  and  placed 
on  a  large  watch-glass  or  a  dial-glass.  Two  other  glasses 
of  the  same  size  are  then  accurately  weighed,  and  one 
of  them  is  placed  over  that  containing  the  iodine.  If 
the  edges  of  the  glasses  are  not  ground  so  as  to  fit 
accurately,  they  may  be  fixed  together  by  means  of 
gummed  paper.  It  must  be  observed  that  the  upper 
glass  should  not  come  in  contact  with  the  mixture  of 
iodine  and  potassium  iodide,  but  there  should  be  a  fair 
space  between  the  two.  When  the  glasses  have  been 
properly  adjusted  they  may  be  heated  on  an  iron  dish, 
but  not  strongly.  Pure  iodine  sublimes  and  condenses 
upon  the  upper  watch-glass  in  brilliant  crystalline  plates. 
When  the  operation  is  finished,  the  upper  watch-glass 
is  removed  and  inverted,  the  clean  watch-glass  which 
was  weighed  with  it  being  used  as  a  cover,  the  pair  are 
placed  under  a  desiccator,  cooled  and  weighed.  The 
increase  in  weight  gives  the  amount  of  pure  iodine  con- 
densed.    By  this  process  chlorine  and  bromine,  which 
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the  iodine  in  the  crude  state  may  contain,  are  retained 
as  potassium  salts,  equivalent  quantities  of  iodine  being 
of  course  liberated. 

The  atomic  weight  of  iodine  being  taken  as  126*5, 
a  deci-normal  solution  will  contain  12-65  grams  per 
litre. 

Let  w  =  the  weight  of  iodine  taken,  and  V  the 
volume  of  a  deci-normal  solution  containing  w^  then — 

^(1000  c.c.) 
12-65 

Grams. 
Example. — Weight  of  watch-glasses + iodine      =  12-2312 
Weight  of  watch-glasses  .  .      =  10*8862 


Iodine      =   1*345 
1-345x1000  c.c. 


12-65 


106-3  c.c. 


The  watch-glasses  containing  the  iodine  were  put  into 
a  beaker  of  water  with  1  -8  to  2  grams  of  pure  potassium 
iodide  dissolved  in  about  21  c.c.  of  water,  which  is 
poured  over  them  in  order  to  dissolve  the  iodine.  The 
solution  was  transferred  to  a  100  c.c.  flask,  the  beaker 
and  contents  rinsed  three  times  with  20  c.c  of  water, 
the  watch-glasses  removed  and  rinsed,  and  the  rinsings 
added  to  the  flask,  which  was  then  filled  up  to  the  mark. 
Subsequently  6-3  c.c.  of  water  were  added  from  a  burette. 
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The  solution  was  then  transferred  to  a  beaker,  and  well 
stirred  with  a  strip  of  glass  so  as  to  mix  it  thoroughly. 

The  Preparation  of  Starch  as  an  Indicator. 
— 2  or  3  grams  of  starch  are  roughly  weighed  and 
rubbed  into  a  thin  paste  with  water  in  a  mortar.  About 
250  c.c.  of  water  are  boiled  in  a  beaker,  and  the  starch 
liquid  is  poured  into  the  boiling  water  little  by  little, 
and  stirred  after  each  addition.  The  whole  is  then 
boiled  for  five  or  ten  minutes  and  allowed  to  settle. 
The  clear  liquid  is  decanted  from  any  sediment.  Or 
heat  100  parts  of  concentrated  glycerine  with  6  parts  of 
starch  to  190°  C.  for  about  an  hour,  pour  into  water,  and 
precipitate  the  soluble  starch  with  alcohol,  and  filter. 
This  preparation  is  kept  as  a  thick  paste,  and  for  use 
a  small  quantity  is  taken  out  on  the  end  of  a  glass  rod. 

Preparation  of  Deci-normal  Sodium  Thiosul- 
phate  Solution.  —  The  composition  of  this  salt  is 
NagSgOg'SHgO  =  248  parts ;  a  deci-normal  solution  there- 
fore contains  24*8  grams  per  litre.  Well  crystallised 
sodium  thiosulphate  is  powdered  and  dried  by  pressure 
between  folds  of  blotting-paper.  Of  the  powder  24*8 
grams  are  dissolved  in  water  and  made  up  to  a  litre. 
When  iodine  reacts  upon  sodium  thiosulphate,  the  fol- 
lowing equation  is  realised — 

2Na2S203  +  21  =  2NaI  +  Na^S^O^. 

The  salt  Na^S^O^  is  sodium  tetrathionate.     As  long 
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as  this  reaction  occurs  on  the  addition  of  the  iodine 
solution,  so  long  will  the  blue  colour  which  the  iodine 
gives  to  the  starch  paste  be  destroyed.  In  this  case 
the  indicator,  or  starch  solution,  is  put  into  the  liquor 
which  is  being  titrated,  so  that  the  blue  colour  is  com- 
municated to  the  whole  of  the  liquid.  Immediately, 
therefore,  that  the  whole  of  the  thiosulphato  is  con- 
verted into  tetrathionate,  the  least  excess  of  iodine 
■Nvill  act  upon  the  starch,  and  the  blue  colour  will  be 
permanent. 

Example. — A  solution  of  thiosulphate  prepared  in  the 
manner  described  was  titrated  with  the  iodine  solution, 
a  few  drops  of  starch  being  put  into  the  liquid.  As  the 
iodine  solution  flowed  from  the  burette  a  blue  colour 
appeared,  and  immediately  vanished  on  agitating  the 
liquid.  After  a  time  the  disappearance  of  the  colour 
became  less  rapid;  violet  tints  were  noticed  to  be 
formed,  until  a  point  was  reached  when  a  faint  violet 
colour  was  imparted  to  the  whole  of  the  liquid,  and  the 
next  drop  of  iodine  established  a  permanent  beautiful 
blue  colour. 

25  c.c.  of  thiosulphate  solution  in  about  100  c.c.  of 
water  required  (1)  24*9  c.c;  (2)  25  c.c;  and  (3)  25  c.c. 
of  iodine  solution. 

The  solution  was  therefore  deci-normal. 


1 
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26.  ESTIMATION    OP    CHLORINE    AND   AC- 
TIVE OXYGEN,  BY  SODIUM  ARSENITE. 

Preparation  of  a  Deci-normal  Solution.— Pure 

sodium  arsenite  is  prepared  by  dissolving  4*95  grams  of 
the  purest  sublimed  arsenic  trioxide  in  about  250  c.c.  of 
distilled  water,  to  which  are  added  25  grams  of  pure 
crystallised  sodium  carbonate;  this  salt  must  be  free 
from  sulphide,  sulphite,  or  thiosulphate.  The  arsenic 
trioxide  must  be  in  powder,  and  to  bring  it  into  solution 
it  must  be  frequently  agitated  during  ebullition.  The 
liquid,  when  ready,  is  transferred  to  a  litre  flask,  the 
original  flask  being  rinsed  repeatedly,  the  rinsings  added 
to  the  bulk  of  the  liquid  and  water  filled  up  to  the  mark. 
In  order  to  ascertain  the  strength  of  this  solution,  10  c.c. 
are  put  into  a  beaker  with  a  little  starch  solution,  and  a 
deci-normal  solution  of  iodine  is  run  in,  when,  in  presence 
of  water,  the  following  reaction  takes  place  : — 

AsgOg  +  41  -f  2Na2C03  =  AsgOg  +  4NaI  +  2CO2. 

As  soon  as  the  pure  iodine  ceases  to  be  converted  into 
sodium  iodide  the  excess  strikes  a  blue  colour  with  the 
starch.  If  10  c.c.  of  the  iodine  are  used  for  10  c.c.  of 
the  arsenite  it  is  strictly  deci-normal. 

With  bleaching  powder  the  reaction  is  as  follows  : — 

AsaOj  -f-  2CaCl.,0  =  AsA  +  2CaCl2. 


114  QUANTITATIVE  ANALYSIS  27 

It  will  be   observed   in  both  the   above   reactions, 

that  As203=198  parts  react  with  401  =  142  parts,  and 

198 
that    —  =49-5  parts  of  arsenic  trioxide  are  capable  of 

reacting  with  35-5  parts  of  chlorine,  or  1  atom,  and  there- 
fore 4*95  with  3-55  of  chlorine. 

To  make  a  solution  of  bleaching  powder  of  such  a 
strength  that  each  c.c.  of  deci-normal  sodium  arsenite 
will  indicate  1  per  cent  of  chlorine,  it  is  necessary  to 
bear  in  mind  that  if  1  gram  be  taken,  each  c.c.  of  the 
standard  solution  used  will  indicate  0*00355  gram  of 
available  chlorine;  but  if  0*00355x100  =  0-355  gram 
be  taken,  then  each  c.c.  of  the  sodium  arsenite  will  in- 
dicate 1  per  cent  of  available  chlorine. 


27.  BLEACHING  POWDER. 

Estimation  of  Available  Chlorine. — Weigh  7  1 
grams  of  the  sample,  previously  well  mixed,  grind  it 
with  a  little  water  in  a  porcelain  mortar  till  a  completely 
homogeneous  thin  paste  has  been  obtained,  dilute  with 
more  water,  slightly  grease  the  lip  of  the  mortar  on  the 
outside,  and  then  wash  the  whole  contents  into  a  litre 
flask,  fill  up  to  the  mark,  and  take  for  each  test 
60  c.c.  =  0*355  gram  of  bleaching  powder,  having  shaken 
up  the  flask  immediately  before.  Run  into  the  above 
with  continuous  agitation  an  alkaline  deci-normal  solution 
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of  sodium  arsenite;  then  place  a  drop  of  the  mixture  on  a 
piece  of  filter-paper,  moistened  "vvith  starch  paste  mixed 
with  a  solution  of  potassium  iodide.  If  there  is  much 
chlorine  a  broum  spot  will  appear,  if  less  chlorine  the 
spot  will  be  blue.  According  to  the  depth  of  colour, 
more  or  less  of  the  arsenite  solution  may  be  added. 
The  test  is  repeated  until  there  is  scarcely  any  colour 
perceptible,  or  the  colour  is  discharged  altogether.  The 
reaction  is  just  finished  when  one  drop  of  the  solution 
completely  destroys  the  last  trace  of  colour.  Each  cubic 
centimetre  of  the  arsenite  solution  indicates  1  per  cent 
of  available  chlorine  in  the  bleaching  powder. 

Note. — The  atomic  weight  CI  =  36*5  is  always  em- 
ployed in  commercial  calculations. 

28.  ESTIMATION  OF  CHLORINE  IN 
NEUTRAL  SALTS. 

This  process  is  applicable  to  the  estimation  of  chlo- 
rides, in  potassium  and  sodium  nitrates,  in  sea-water, 
and  water  used  for  domestic  purposes.  The  chlorides 
are  decomposed  by  silver  nitrate,  and  complete  precipita- 
tion is  indicated  by  mixing  a  few  drops  of  a  solution  of 
neutral  potassium  chromate  with  the  solution  to  be 
tested.  WTien  silver  nitrate  is  added  to  a  solution  of  a 
chloride  containing  a  neutral  chromate,  a  red  precipitate 
appears,  which  is  silver  chromate,  AgoCrO^,  and   this 
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immediately  disappears  on  shaking,  provided  there  is  still 

some  chloride  unprecipitated.     But  when  all  the  chloride 

is  just  completely  precipitated,  the  slightest  addition  of 

silver  nitrate  will  cause  the  formation  of  a  deep  red 

colour,  which  on  agitation  is  diffused  through  the  liquid, 

and  communicates  to  it  an  orange  tint.      A  solution  of 

silver  nitrate  is  made  of  such  a  strength  that  1  c.c.  =  0*001 

gram  of  chlorine.    The  necessary  quantity  of  silver  nitrate 

for  1  litre  is  calculated  in  the  following  manner : — 

Where  Ag  =  108,  N  =  14,  and  Og  =  48,  CI  =  35-4  ; 

the  molecular  weight  of  AgN03=  170  ; 

1000  c.c.  X  0-001  gram  x  170  grams      ,  „^^ 

hence =  4*802  grams 

35*4  grams 

silver  nitrate. 

Powder  some  recrystallised  silver  nitrate  and  heat  it 
in  a  porcelain  crucible  till  fusion  is  about  to  take  place. 
4*802  grams  of  the  salt  are  then  dissolved  in  a  litre  flask, 
and  water  is  added  to  make  up  the  correct  volume. 

Some  perfectly  pure  rock-salt  is  powdered  and  heated 
strongly  in  porcelain  crucible  till  its  weight  is  constant. 
A  portion  of  this  is  weighed  out  and  made  up  to  1 
litre,  so  that  1  c.c.  =  0*001  gram  of  chlorine,  thus — 

Where  Na  =  23  and  CI  =  35*4 ; 

the  molecular  weight  of  NaCl=  68*4  ; 

,  1000  c.c.  X  0*001  gram X  58*4  grams     -  ^  , ^^ 

hence =  1*6497,   or 

35*4  grams 

very  nearly  1  '65  gram  sodium  chloride. 
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Dissolve  1*65  grams  of  sodium  chloride  and  make  the 
solution  up  to  1  litre.  The  silver  solution  should  then 
precipitate  the  chlorine  from  an  equal  volume  of  the  salt 
solution. 

Place  50  c.c.  of  the  salt  solution  in  a  porcelain  dish  cap- 
able of  holding  200  c.c,  and  add  thereto  two  or  three  drops 
of  a  cold  saturated  solution  of  neutral  potassium  chromate. 
The  salt  should  be  tested  to  make  sure  that  it  is  perfectly- 
free  from  chloride.  The  silver  solution  is  then  added  from 
a  burette,  the  liquid  being  constantly  stirred.  The  red 
colour  at  first  formed  disappears,  but  in  time  it  disappears 
more  slowly,  and  finally  it  remains  permanent  even  after 
stirring.  It  may  be  remarked  that  when  the  quantity 
of  chloride  present  is  very  small,  as,  for  instance,  in  good 
potable  waters,  the  last  drop  of  silver  nitrate  causes  the 
pale  yellow  colour  to  become  not  distinctly  red,  but  of  a 
slightly  reddish  shade,  or  merely  of  a  dull  yellow. 

To  Determine  Chlorine  in  Potable  Waters.— 
Measure  100  c.c.  with  a  pipette  into  a  porcelain  basin, 
add  a  few  drops  of  potassium  chromate,  and  titrate  with 
silver  nitrate. 

Example — 

The  Vartry  Water,  „.,       «^.^    ^ 

-.,';.  '  Silver  Nitrate. 

Dublin. 

(1)  100  C.C.      required       1*4  c.c. 

(2)  100  c.c.  „  1-3  c.c. 

(3)  lOOcc.  „  1-4  c.c. 

Mean         137  c.c. 
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There  are  1'37  milligrams  of  chlorine  per  100  c.c.  of 
water,  or  1*37  parts  per  100,000  parts  of  the  water. 

When  a  solution  of  silver  nitrate  is  kept  for  some 
time,  a  deposit  forms  and  it  becomes  slightly  weaker  by  a 
portion  of  the  salt  being  decomposed.  Under  these  cir- 
cumstances it  is  necessary  to  determine  its  factor  with  a 
standard  solution  of  sodium  chloride,  the  operation  being 
carried  out  in  the  manner  already  described.  A  solution 
of  silver  nitrate  had  originally  been  made  of  such  a 
strength  that  1  c.c.  =0*0005  gram  of  chlorine  contained 
2-401  grams  per  litre,  as  may  be  seen  by  the  following 
calculation : — 

1000  C.C.  X  0-0005  gram  X  170  grams     ^  ,^,  ., 

=  2-401  grams  silver 

35*4  grams 

nitrate. 

The  weight  of  sodium  chloride  which  will  react  with 
2-401  grams  of  silver  nitrate  is  found  thus — 

68-4  X  2-401 


170 


=  0-8248  gram. 


Therefore  0-9772  gram  of  rock-salt  was  dissolved  and 
made  up  to  the  volume  of  1184  c.c. 

0-9772x1000 


0-8248 


=  1184  c.c. 


25  c.c.    of   this   solution   should   react    with    an    equal 
volume  of  the  silver  nitrate  if  its  strength  is  correct; 
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but  it  was  found  by  three  experiments  to  be  rather  too 
weak,  thus — 

Sodium  Chloride.  Silver  Nitrate. 

(1)  25  c.c.      required       25*7  c.c. 

(2)  25  c.c.  „  25-65  C.C. 

(3)  25c.c.  „  25-7  C.C. 

The  factor  for  the  silver  nitrate  is  therefore — 
25 


25-65 


=  •9746; 


that  is  to  say,  the  number  of  cubic  centimetres  of  the 
solution  of  silver  nitrate  used  must  be  multiplied  by  the 
factor  0-9746. 

The  Dublin  water  was  examined  with  this  solu- 
tion— 

Water  required.  Silver  Nitrate. 

(1)  lOOcc.  2-9  C.C. 

(2)  100  C.C.  2-7  C.C. 

(3)  100  C.C.  2-8  C.C. 

Mean  2*8  c.c. 

Then  28  c.c.  X  '9746  =  2729  c.c. 

Chlorine. 
But  1  C.C.  of  silver  nitrate  thus  corrected  =  -0005    gram. 
2-729  C.C.         „  „  =-00136  gram. 

If  100  C.C.  therefore  contain  -00136  gram  chlorine, 
therefore  100,000  parts  of  water  contain  1-36  parts  of 
chlorine. 
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29.  DETERMINATION  OP  THE  HARDNESS 
OF  WATER. 

The  hardness  of  water  is  measured  by  the  quantity 
of  soap  which  it  is  capable  of  destroying  before  it  will 
form  a  permanent  lather.  If  a  solution  of  soap  in  weak 
alcohol  is  added  drop  by  drop  to  50  c.c.  of  distilled 
water,  a  certain  quantity  is  required  to  form  a  good 
lather,  but  for  every  milligram  of  calcium  carbonate 
contained  in  the  water  a  further  addition  of  soap  is 
necessary. 

Preparation  of  a  Standard  Solution  of  Calcium 
Chloride. — Weigh  out  0-2  to  0*4  gram  of  pure  calcium 
carbonate,  such  as  fragments  of  calcite  crystals,  or  finely 
crystalline  white  marble.  Transfer  the  calcium  carbonate 
to  an  evaporating  dish  of  4  inches  diameter,  or  to  a 
beaker-glass  of  half  a  pint  capacity,  containing  20  c.c.  of 
dilute  hydrochloric  acid ;  cover  the  vessel  with  a  glass 
plate  to  prevent  loss  by  spurting,  and  digest  on  a  water 
bath,  with  additions  of  fresh  acid  until  all  is  dissolved. 
Evaporate  to  dryness  on  a  sand-bath,  or  in  an  air-bath, 
or  on  a  piece  of  asbestos  cardboard ;  then  add  a  little 
water  and  evaporate  again,  repeat  this  twice  or  thrice  till 
hydrochloric  acid  ceases  to  evaporate  from  the  salt,  then 
dissolve  in  water  and  make  up  to  such  a  strength  that 
1000  c.c.  contain  calcium  equal  to  0*2  gram  of  CaCOg. 
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Example. — 0-6076  gram  of  calcite  was  dissolved  in 
hydrochloric  acid  and  made  up  3038  c.c. 

>6076  X 1000  ac.^  3^33^^ 
•2 

Preparation  of  a  Standard  Solution  of  Soap.— 
(a)  A  cake  of  Pears's  transparent  soap  is  scraped  with  a 
straight  sharp  edge  of  glass ;  4  to  6  grams  of  the  shav- 
ings are  dissolved  in  500  c.c.  (or  a  pint)  of  proof  spirit, 
or  a  mixture  of  two  volumes  of  methylated  spirit,  with  one 
volume  of  distilled  water,  {b)  Or  the  above  quantity  of 
soap  may  be  dissolved  by  heat  in  one  volume  of  distilled 
water,  and  the  two  volumes  of  methylated  spirit  may  be 
added  subsequently,  (c)  A  potash  soap  may  be  pre- 
pared by  rubbing  together  in  a  mortar  15  grams  of  lead 
plaster  (Emplastrum  plurnhi)  and  4  grams  of  dry  potas- 
sium carbonate.  Add  a  little  methylated  spirit  when 
the  substances  have  become  fairly  well  mixed,  and  con- 
tinue rubbing  until  a  creamy  uniform  mixture  is  obtained. 
Allow  this  material  to  stand  for  some  hours,  and  then 
wash  it  on  a  filter  repeatedly  with  methylated  spirit. 

Add  half  its  volume  of  water  to  the  soap  solution, 
and  then  dilute  a  portion  of  it  with  a  mixture  of  methy- 
lated spirit  two  volumes  and  water  one  volume,  until  14*25 
c.c.  are  required  to  form  a  permanent  lather  with  50  c.c. 
of  the  standard  hard  water  prepared  from  calcium 
carbonate. 
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Titration  of  the  Soap  Solution.— Take  50  c.c.  of 
the  standard  solution  of  calcium  carbonate,  0*2  gram 
per  litre,  and  transfer  it  by  a  pipette  to  a  wide-mouth, 
stoppered  bottle,  capable  of  holding  100  c.c.  The  soap 
solution  is  added  1  c.c.  at  a  time,  the  liquid  being  shaken 
violently  after  each  addition,  the  stopper  is  removed  and 
air  sucked  out  of  the  bottle  with  a  rather  wide  (J-inch) 
glass  tube.  At  first  a  curd  forms  and  no  lather ;  after 
the  curd  has  become  abundant  a  lather  commences  to 
form,  but  the  bubbles  soon  burst,  and  nothing  but  curd 
remains ;  at  this  stage  the  soap  solution  must  be  added 
with  increased  caution,  and  in  smaller  quantities  at  a 
time  ;  and  finally,  when  a  lather  remains  without  break- 
ing for  two  minutes  after  shaking,  when  the  bottle  is 
lying  on  its  side,  the  reaction  is  complete.  With  a  very 
little  practice  it  is  easy  to  perceive  when  the  conditions 
for  forming  a  permanent  lather  are  approached. 

Example.  —  50  c.c.  of  the  standard  hard  water  re- 
quired 10 "35  c.c.  of  a  soap  solution;  this  is  too  strong, 
since  it  ought  to  have  used  up  14 -25  c.c. ;  hence  103-5  c.c. 
were  diluted  with  a  mixture  of  two  volumes  of  alcohol  and 
one  volume  water  up  to  a  volume  of  142*5  c.c,  and  this 
solution  was  found  to  be  accurate. 

Determination  of  Hardness  of  Water. — Hard- 
ness is  described  as  temporary  and  permanent  hardness, 
the  former  is  destroyed  by  boiling,  the  latter  is  not 
The  diff'erence  between  total  hardness  and  permanent 
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hardness,  or  hardness  remaining  after  the  water  has 
boiled,  gives  the  temporary  hardness. 

Total  Hardness. — Measure  out  50  c.c.  of  the  water 
with  a  pipette,  place  the  stopper  in  the  bottle  and  shake 
vigorously,  draw  off  any  carbon  dioxide  liberated  by 
sucking  air  from  the  bottle  with  a  glass  tube.  Proceed  to 
titrate  with  the  soap  solution,  adding  not  more  than  2 
c.c.  at  a  time,  shaking  after  each  addition  and  extracting 
the  carbon  dioxide.  Suppose  that  16  c.c.  of  soap  have 
been  added,  and  that  no  permanent  lather  has  been 
formed,  then  any  further  addition  will  not  indicate  the 
true  hardness,  because  an  undue  proportion  of  alcohol  is 
present.  Take  10  c.c.  of  the  water  and  dilute  with  dis- 
tilled water  up  to  50  c.c.  in  a  measured  flask,  transfer 
this  to  the  bottle,  proceed  as  before,  and  titrate ;  note 
the  quantity  of  soap  solution  used  and  refer  to  the 
Table  of  Hardness,  p.  125,  which  indicates  the  parts 
of  calcium  carbonate  in  100,000  parts  of  water.  The 
degree  of  hardness  must  then  be  multiplied  by  5  in 
order  to  indicate  the  total  hardness.  The  hardness 
must  be  reduced  by  dilution  in  order  that  no  more  than 
16  c.c.  of  soap  be  used  in  forming  a  permanent  lather, 
with  50  CO.  of  water. 

Permanent  Hardness. —Take  200  c.c.  of  water, 
place  in  a  flask,  best  of  a  conical  shape,  and  boil  hard 
for  not  less  than  fifteen  minutes;  cool  the  water,  and 
make  up  its  volume  to  200  c.c.     Transfer  50  cc.  of  this 
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to  the  test  bottle  and  titrate  with  soap  solution.  Note 
the  number  of  c.c.  used,  and  refer  to  the  table  for  the 
corresponding  degree  of  hardness. 

Example. — 50  c.c.  of  tap  water  were  shaken  up  in  the 
test  bottle  and  the  air  was  sucked  out;  16  c.c.  of  soap 
solution  were  added  by  degrees  without  a  sign  of  a 
permanent  lather;  10  c.c.  were  then  made  up  to  50  c.c. 
in  a  measured  flask  with  distilled  water  recently  boiled 
and  cooled.     The  diluted  water  required  in  two  trials — 

(1)  34  c.c. ;  (2)   34  c.c.  soap  solution. 

This  corresponds  to  3-77  parts  of  CaCOg  in  100,000  of 
water,  and  therefore  the  total  hardness  of  the  water  was 
3-77x5  =  18-85  parts  of  CaCOg  in  100,000  parts  of 
water. 

50  c.c.  of  the  water  were  boiled  in  a  flask  for  fifteen 
minutes,  filtered,  made  up  to  50  c.c.  with  distilled  water 
in  a  measured  flask  and  titrated ;  3-6  c.c.  of  soap  solution 
were  required  to  cause  a  permanent  lather,  which  corre- 
sponds to  a  hardness  of  4-03  parts  of  CaCOg  in  100,000 
of  water,  hence — 

Parts  CaCOs. 

Total  hardness     =  18-85  '^ 

^      ,  I  per  100,000  parts  of 

Permanent  hardness    .      =   4-03  >  , 

Temporary  hardness    .      =14-82) 
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Table  of  Hardness  in  Parts  per  100,000,  50  c.c. 
OF  Water  being  used. 
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30.  THE  VALUATION  OF  MANGANESE 
ORES. 

The  ores  of  manganese  are  the  minerals,  pyrolusite, 
MnOg;  braunite,  Mn30^;  manganite  or  brown  man- 
ganese ore,  Mn2032H20;  hausmannite,  MngO^;  and 
wad,  of  variable  composition.  The  rules  for  sampling 
iron  ores  are  to  be  observed  in  the  case  of  manganese. 
The  method  of  valuing  maganese  ores  depends  upon 
their  power  of  oxidising  a  measured  volume  of  a  standard 
solution  of  a  ferrous  salt,  and  the  estimation  of  the  ferrous 
compound  which  remains  in  excess  by  means  of  a  standard 
solution  of  potassium  permanganate.  The  amount  of  iron 
indicated  by  the  standard  permanganate,  deducted  from 
the  amount  of  iron  used,  gives  the  quantity  of  iron  which 
has  been  oxidised  by  the  manganese  ore,  and  from  this 
can  be  calculated  the  percentage  of  manganese  dioxide 
or  available  oxygen  contained  in  the  ore. 

The  advantage  of  using  permanganate  for  titrat- 
ing the  solution  of  iron  is  owing  to  the  fact  that  a 
single  drop  of  a  standard  solution  will  colour  half  a 
litre  of  water,  and  hence  it  requires  no  separate  indi- 
cator. 

The  reaction  between  manganic  oxide  and  an  acid 
solution  of  ferrous  sulphate  is  as  follows — 
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MnOg 

4-2FeSO^  +  2H2SO^  = 

MnS0^+Fe,(S0^)3+: 

2H2O 

or— 

MnOg  +  2FeO  = 

=  MnO  +  FePa 

87          144 

71          160. 

Hence 

'                Manganic  Oxide. 
Parts. 

Oxygen. 
Parts. 

87 

16 

10-875   = 

2 

1-0875  = 

0-2 

Preparation  of  Standard  Potassium  Perman- 
ganate.— When  potassium  permanganate  is  added  to 
a  solution  of  iron  wire  in  sulphuric  acid,  or  to  a  solution 
of  ferrous  sulphate  acidified  with  sulphuric  acid,  the 
following  reaction  takes  place  : — 

lOFeSO^  +  2KMnO^  +  8H2SO^  = 
5Fe2(SO^)3  +  2MnS0^  +  K^SO^  +  SH^O. 

The  molecular  weight  of  potassium  permanganate  is 
158  when  K  =  39,  Mn  =  55,  0  =  16. 

According  to  the  above  equation, 

lOFe  reacts  with  2KMn04 
lOFe  =  560  parts,  2KMnO^  =316  parts ; 

hence  560  parts  of  iron  react  with  316  parts  of  perman- 
ganate containing  80  parts  of  active  oxygen,  and  28 
parts  of  iron  react  with  4  parts  of  oxygen.  A  semi- 
normal  solution  of  potassium  permanganate  containing  4 
grams  of  oxygen  per  litre,  available  for  oxidising  28 
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grams  of  iron,  is  made  by  dissolving  316-^20  =  15•8 
grams  of  the  crystallised  pure  salt  in  water,  and  making 
the  volume  up  to  1  litre. 

1  c.c.  =  0*004  gram  of  oxygen. 

Standardising  the  Permanganate  Solution.— 

The  available  oxygen  in  the  standard  solution  is  esti- 
mated by  means  of  the  finest  iron  wire,  which  may  be  con- 
sidered to  contain  99*6  per  cent  of  iron.  Weigh  out  0*5622 
gram  of  pure  iron  wire,  the  amount  equivalent  to  0*56 
gram  of  actual  iron.  Place  it  in  the  flask  fitted  with 
a  cork  and  india-rubber  valve  (Fig.  7,  p.  103),  with 
25  c.c.  of  dilute  sulphuric  acid,  containing  one -fifth 
of  its  volume  of  oil  of  vitriol;  the  solution  of  the 
wire  may  be  hastened  by  warming.  As  soon  as  all 
the  iron  has  dissolved,  the  solution  is  very  carefully 
transferred  to  a  wide -mouthed  flask  or  to  a  beaker 
capable  of  holding  a  pint  of  liquid  (500  or  600  c.c.) 
The  flask  is  rinsed  out  several  times  with  distilled  water, 
and  the  rinsings  are  added  to  the  solution,  which  is 
finally  diluted  with  250  c.c.  of  distilled  water.  Place 
the  flask  or  beaker  on  a  sheet  of  white  paper  or  on  a 
white  plate,  and  add  the  permanganate  cautiously  from 
a  burette  with  a  lateral  glass  tap.  After  each  addition 
the  liquid  must  be  agitated  either  by  stirring  with  a 
glass  rod,  if  a  beaker  be  used,  or  by  swirling  the  liquid 
round  in  the  flask.    Finally,  it  will  be  seen  that  the 
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liquid  retains  a  permanent  pink  tint  when  a  tenth  of  a 
cubic  centimetre  of  permanganate  has  been  added  in 
excess  of  that  necessary  to  completely  oxidise  the  ferrous 
sulphate  into  a  ferric  salt.  The  colour  should  remain 
at  least  half  a  minute. 

The  quantity  of  iron  taken  should  require  exactly 
20  c.c.  of  permanganate ;  for  each  c.c.  reacts  with  0*028 
gram  of  iron. 

Suppose  that  the  potassium  permanganate  is  not 
quite  pure,  and  that  the  solution  is  a  little  too  weak,  it 
is  most  convenient  to  find  out  the  requisite  quantity  of 
the  crystals  to  be  added  in  order  to  make  the  solution 
strictly  semi-normal. 

Let  m  =  the  number  of  c.c.  of  the  solution  used, 

Gram. 

15-82  xm 
then  — — =  grams    of    solid    perman- 

ganate  to  be  added  to  1  litre  to  produce  an  exactly 
semi -normal  solution.  The  strength  of  the  solution 
having  been  rectified,  it  is  necessary  to  check  it  once 
more  with  iron  wire. 

It  is  sometimes  convenient  to  weigh  a  quantity  of 
permanganate  crystals  a  little  in  excess  of  that  required 
for  a  semi-normal  standard,  to  find  the  exact  strength 
of  the  solution  with  iron  wire,  and  then  to  dilute  it  with 
the  necessary  amount  of  water. 

The  calculation  would  then  take  this  form — 
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Let  m  =  the  number  of  c.c.  used, 

then   !_l  =  the  volume   in  c.c.  to  which    the 

20 

solution  should  be  made  up.  Now  it  is  to  be  observed 
that  100  c.c.  of  the  semi -normal  solution  placed  in  a 
half-litre  flask  and  filled  up  to  the  mark  yields  a  deci- 
normal  solution.  It  is  more  accurate,  and  therefore  it 
is  advisable  to  titrate  the  iron  wire  with  this  solution 
rather  than  with  the  stronger.  Of  course  the  quantity- 
required  for  0*56  gram  of  iron  would  be  100  c.c. 

Notes. — (1.)  Potassium  permanganate  cannot  be  kept 
in  a  bottle  closed  with  a  cork,  neither  can  it 
be  used  with  a  Mohr's  burette,  the  nozzle  of 
which  is  fitted  on  with  an  india-rubber  tube. 

(2.)  Instead  of  iron  wire,  the  double  sulphate  of  iron 
and  ammonium  may  be  used,  which  contains  -^ 
its  weight  of  iron,  FeSO^-(NH^)2SO^-6H20 ; 
or  ordinary  recrystallised  ferrous  sulphate. 
FeSO^'THgO, ;  the  crystals  of  either  salt  must 
be  crushed  and  pressed  between  blotting-paper 
to  remove  moisture  before  being  used,  and  kept 
in  a  stoppered  bottle  in  a  cool  place. 

Estimation  of  Available  Oxygen  in  Manganese 
Ore. — It  has  been  observed  on  p.  127  that  1*0875  gi-ams 
of  MnOg  are  equivalent  in  oxidising  power  to  0*2  gram 
of  oxygen,  this  being  the  quantity  available  for  oxida- 
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tion  in  an  acid  solution.  "Weigh  out  1-0875  grams  of 
manganese  ore,  which  has  been  ground  as  fine  as  possible 
and  dried  for  some  time  at  100°  C.  Put  it  into  the  flask 
(p.  103)  with  the  india-rubber  valve  and  add  75  c.c.  (in 
three  pipettesful  of  25  c.c.  each)  of  a  solution  containing 
100  grams  pure  crystallised  ferrous  sulphate  and  100  c.c. 
pure  concentrated  sulphuric  acid,  diluted  to  1  litre.  The 
solution  of  ferrous  sulphate  should  be  standardised  on 
the  same  day  by  means  of  the  same  25  c.c.  pipette,  with 
a  deci-normal  solution  of  permanganate  made  by  diluting 
that  of  semi-normal  standard. 

Close  the  flask,  having  tested  the  valve  to  see  that  it 
works  properly,  and  heat  until  the  manganese  dioxide 
is  completely  dissolved,  leaving  possibly  a  light  coloured 
residue.  After  complete  cooling  add  200  c.c.  of  water, 
and  titrate  with  semi-normal  potassium  permanganate 
until  a  faint  pink  tinge  remains.  Deduct  the  quantity 
of  peimanganate  now  required  from  that  corresponding 
to  the  75  c.c.  of  iron  solution ;  the  remainder  indicates  for 
each  cubic  centimetre  2(0'010876)  gram,  or  002175 
gram  =  to  2  per  cent  of  MnOg. 

Estimation  of  the  Hydrochloric  Acid  required 
for  Decomposing  Manganese  Ore.— The  strength  of 
the  acid  must  first  be  ascertained  with  a  normal  solution 
of  alkali ;  for  this  purpose  10  c.c.  of  ordinary  strong 
hydrochloric  acid  are  used. 

Dissolve  1  gram  of  manganese  ore  in  a  flask,  connected 
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with  an  inverted  Liebig's  condenser,  and  containing 
10  c.c.  of  the  hydrochloric  acid.  Warm  the  retort  as 
much  as  may  be  necessary.  Allow  the  solution  to  cool, 
and  titrate  with  the  normal  alkali  until  reddish-brown 
flakes  of  ferric  hydroxide  appear,  which  remain  insoluble 
after  shaking.  Deduct  the  standard  alkali  used  for  the 
ore  solution  from  that  originally  employed  in  ascertain- 
ing the  strength  of  the  acid  ;  the  corresponding  quantity 
of  acid  will  be  that  used  in  dissolving  the  manganese  ore. 

31,  ESTIMATION  OF  PHOSPHORIC  ACID. 

This  method  depends  upon  the  precipitation  of  ortho- 
phosphoric  acid  as  uranyl  phosphate,  U2P2O11,  which  is 
insoluble  in  acetic  acid.  The  solution  may  contain  free 
ortho-phosphoric  acid  or  an  acetic  acid  solution  of  an 
earthy  phosphate.  Should  there  be  an  excess  of  any 
other  mineral  acid  present,  it  should  be  neutralised  with 
an  alkali  and  an  alkaline  acetate,  after  which  an  excess 
of  acetic  acid  may  be  added. 

The  standard  solutions  required  are — 

(a)  Uranyl  acetate,  U02(C2H302)2*H20,  or  nitrate, 

U02(N03)2'6H20,  40  grams  to  the  litre.  If 
it  be  possible  to  procure  the  acetate  it  should 
be  preferred. 

(b)  Pure,   recrystallised   sodium   ortho-phosphate, 

Na2HP04*12H20,  crushed,  and  dried  between 
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folds  of  filter-paper.     The  salts  should  show 
no  signs  of  loss  of  water  by  efflorescence.   Dis- 
solve 10 '085  grams  and  make  up  to  1  litre;  50 
c.c.  of  this  solution  contain  O'l  gram  P2O5. 
(c)  Sodium  acetate,  100  grams  ;  acetic  acid,  sp.  gr. 
1*04,  lOOcc;  water  to  the  volume  of  1  litre. 
As  an  indicator,  a  freshly  prepared  solution  of  potas- 
sium f errocyanide  or  freshly  powdered  crystals  of  the  salt. 
Spots  of  the  salt  or  solution  on  a  white  plate  strike  a 
brown  colour,  with  a  trace  of  the  uranium  nitrate  or 
acetate.     To  check  the  strength  of  the  solution  of  sodium 
ortho-phosphate  take  50  c.c,  evaporate  to  dryness  in  a 
platinum  basin,  and  heat  to  redness.     The  sodium  pyro- 
phosphate should  weigh  0*1874  gram. 

Take  500  c.c.  of  the  solution  of  sodium  ortho-phos- 
phate, and  precipitate  the  phosphoric  acid  by  addition  of 
an  excess  of  pure  calcium  chloride.  Filter,  wash  away 
all  traces  of  chloride,  and  dissolve  the  precipitate  in  a 
slight  excess  of  nitric  acid,  make  the  volume  of  the  solu- 
tion up  to  500  c.c.  Place  50  c.c.  of  this  solution  in  a 
weighed  platinum  basin  or  crucible,  add  a  slight  excess 
of  ammonia,  evaporate  to  dryness,  ignite  to  expel  the 
ammonium  nitrate,  cool  in  a  desiccator,  and  weigh.  The 
residue  is  CagPjOg. 

Ca3P2O8  =  310,  represents  P205  =  142:  from  these 
data  the  quantity  of  phosphoric  anhydride  in  the  solu- 
tion may  bo  calculated. 
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The  solution  may  be  further  checked  by  adding  a 
considerable  excess  of  sodium  acetate  and  acetic  acid  to 
50  c.c.  of  the  solution  of  the  tricalcic  phosphate,  precipi- 
tating the  phosphoric  acid  by  uranyl  acetate,  and  boiling 
well  for  some  time.  The  liquid  containing  the  precipi- 
tate is  poured  into  a  large  beaker,  filled  up  with  boiling 
water,  allowed  to  stand  till  quite  clear,  and  the  clear 
liquid  removed  with  a  syphon.  The  beaker  is  again 
filled  with  boiling  water,  and  again  removed  when  clear ; 
this  is  repeated  a  third  time,  and  then  the  precipitate  is 
transferred  to  a  filter ;  it  requires  very  little  subsequent 
washing.  The  precipitate  cannot  be  filtered  directly  and 
washed  on  the  filter  on  account  of  its  bulky  and  slimy 
nature.     Dry,  ignite,  and  weigh  as  2(1X03) -PgOg. 

2(U03)-PA  =  718 ; 
and  P2O5  =  142. 

Titration  of  the  Standard  Uranyl  Acetate 
Solution,  —  The  strength  of  the  calcium  phosphate 
solution  being  known,  it  is  diluted  if  too  strong,  so  that 
60  CO.  contain  0*1  gram  of  P2O5.  Take  50  c.c.  of  the 
solution,  add  5  c.c.  of  the  sodic  acetate  solution,  then 
heat  and  add  about  three-fourths  of  the  calculated 
amount  of  the  uranyl  acetate  solution  ;  then  proceed  by 
testing  frequently,  say  after  each  J  c.c.  has  been  added, 
until  the  first  faint  brown  tinge  appears.  The  quantity 
of   the  uranyl  acetate  used  is  taken  as  a  guide  to  the 
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amount  required.  Take  another  50  c.c.  and  proceed  as 
before ;  but  add  as  far  as  can  be  ascertained  the  whole 
of  the  uranyl  acetate  at  once,  boil,  and  proceed  cautiously, 
two  drops  or  four  drops  at  a  time,  until  the  last  addition 
proves  to  be  an  excess.     Eepeat  again  carefully  twice. 

Example. — In  1  litre  of  CagPgOg  solution  there  were 
2*21  grams  P2O5 ;  50  c.c.  were  taken,  treated  with  am- 
monia or  soda  till  alkaline,  and  then  with  acetic  acid  till 
strongly  acid,  after  that  with  5  c.c.  of  sodium  acetate 
solution ;  the  solution  was  heated  to  80°  C,  and  the 
uranyl  acetate  added  with  constant  stirring.  The  liquid 
was  tested  by  placing  spots  of  a  solution  of  potassium 
ferrocyanide  on  a  porcelain  plate  and  allowing  a  drop 
of  the  solution  to  fall  upon  each  one,  until  the  mixed 
drops  become  tinged  with  a  reddish-brown  colour.  The 
beaker  was  warmed  again  and  another  drop  of  the  liquid 
tested ;  a  drop  of  uranyl  acetate  was  then  added,  and  the 
colour  being  distinctly  visible,  no  more  of  the  solution 
was  added. 


50  c.c.  required  (1) 

22-5  c.c.  uranyl  acetate. 

>>            >> 

22-6  c.c. 

»            » 

22-45  CO. 

i»            » 

22-5  c.c.            „ 

9005  CO. 

Mean 

22-51  c.c. 

186 
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32.  THE  ESTIMATION  OP  SUGAR. 

Sugar  is  a  name  applied  to  various  substances,  of 
which  there  are  two  distinct  groups,  the  most  commonly 
occurring  members  of  which  are  the  following  : — 


I. 

The  saccharose,  or  cane- 
sugar  group. 
Formula. 

II. 

The  ghccose,  or  grape- 
sugar  group. 
Formula. 

C12H22O11 

CeHiA 

Saccharose  or  cane  sugar. 
Maltose  or  malt  sugar. 
Milk  sugar. 

Laevulose  \  Grape 
Dextrose  J  sugar. 

By  the  addition  of  the  elements  of  water  to  a 
molecule  of  a  saccharose  there  result  two  molecules  of 
glucose.     Thus — 


Cane  sugar 


Dextrose 
Laevulose 


C12  H22  Ojj 
H2O 


^6   ^12  ^6 
^6   ^12^6 


Dextro-rotatory. 
Lsevo-rotatory. 


Cane  sugar  is  converted  half  into  dextrose  and  half 
into  laevulose.  When  a  solution  of  copper  sulphate,  potas- 
sium tartrate,  and  caustic  soda,  mixed  in  proper  pro- 
portions, is  boiled,  the  dark  blue  liquid  undergoes  no 
change ;  but  if  only  a  very  minute  quantity  of  a  glucose 
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or  of  maltose  be  present,  then  a  slight  warming  causes 
the  separation  of  a  precipitate  of  cuprous  oxide.  The 
precipitate  at  first  formed  is  cuprous  hydrate,  and  this 
has  a  yellow  colour ;  but  on  boiling  it  loses  water,  and 
becomes  bright  red. 

One  molecule  of  glucose  exactly  reduces  5  molecules 
of  cupric  oxide,  CuO,  to  the  state  of  cuprous  oxide,  CugO. 
Glucose. 


Cg  =  72 

Cu  =  63-4 

3i2  =  12 

0  =  160 

0,  =  96 

79-4 

180 

79-4  X  5  =  397 

Hence  180  parts  of  glucose  are  capable  of  reducing  397 
parts  of  cupric  oxide.  If  the  quantity  of  copper  oxide 
reduced  by  a  given  solution  of  sugar  is  known,  we  may 
easily  calculate  from  the  above  numbers  the  quantity  of 
sugar  present. 

The  method  consists  in  adding  the  sugar  solution  to 
a  definite  quantity  of  a  standard  solution  prepared  from 
pure  crystallised  copper  sulphate,  mixed  with  potassium 
tartrate  and  caustic  soda,  until  the  deep  blue  colour  has  i 
been  destroyed. 

Preparation  of  the  Standard  Solution.— Fehl- 
ing*S  Solution.  —  34-64  grams  of  pure  recrystallised 
copper  sulphate,  which  has  been  powdered  and  pressed 
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between  blotting-paper,  are  weighed  out  and  dissolved 
in  200  c.c.  of  distilled  water.  In  another  vessel  173 
grams  of  pure  crystals  of  Eochelle  salt,  the  double 
potassium  sodium  tartrate,  are  dissolved  in  480  c.c.  of 
a  solution  of  caustic  soda,  sp.  gr.  1-14.  The  two  solu- 
tions are  then  mixed,  and  the  clear  blue  liquid  is  poured 
into  a  litre  flask,  the  vessels  rinsed  with  distilled  water 
two  or  three  times,  the  rinsings  added  to  the  solution, 
and  the  flask  filled  up  to  the  mark. 

Each  c.c.  of  this  solution  contains  0*3464  gram  of 
copper  sulphate,  and  represents  exactly  0*05  gram  of 
pure  glucose. 

The  liquid  should  be  put  into  small  stoppered  bottles, 
which  are  well  filled  and  kept  in  the  dark.  If  the 
stoppers  do  not  fit  properly  the  caustic  soda  will  absorb 
carbonic  acid,  and  a  precipitate  will  occur  when  the  solu- 
tion is  boiled.  An  addition  of  some  freshly  prepared 
caustic  soda  solution  will  prevent  this. 

As  a  rule  it  is  best  before  titrating  a  solution  of 
sugar  to  boil  10  c.c.  of  the  standard  solution  with  40  c.c. 
of  distilled  water  just  for  a  few  minutes,  in  order  to 
make  sure  that  such  treatment  causes  no  turbidity  or 
distinct  precipitation. 

The  Solution  of  Sugar. — It  is  important  that  the 
liquid  should  not  be  dark  in  colour,  because  the  pale 
blue  tint  of  an  excess  of  copper  solution  would  not  be 
visible  in  a  yellow  or  brown  mixture. 
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Solutions  may  frequently  be  decolourised  by  heating 
a  measured  volume  to  boiling,  adding  a  few  drops  of 
milk  of  lime,  allowing  the  precipitate  to  settle,  filtering 
through  animal  charcoal,  and  diluting  the  washings  to  a 
definite  volume.  The  animal  charcoal  may  be  of  the 
granulated  kind  used  by  sugar  refiners,  and  is  con- 
veniently used  by  half-filling  a  tube  18  inches  in  length, 
which  is  drawn  out  at  the  lower  end  to  a  point  with  a 
narrow  opening.  When  the  tube  is  fixed  upright  in  a 
stand  the  liquid  is  poured  in,  and  there  being  a  column  of 
considerable  length  its  passage  through  the  filter  is  rapid. 

The  Method  of  Analysis. — 10  c.c.  of  the  solution 
are  accurately  measured  with  a  pipette,  and  transferred 
to  a  white  porcelain  dish  about  5  inches  in  diameter,  or 
a  flask  of  convenient  size ;  40  c.c.  of  distilled  water  are 
added,  and  if  necessary  a  like  volume  of  caustic  soda 
solution.  The  liquid  is  boiled.  The  suitably  diluted 
sugar  solution  is  delivered  from  a  burette  at  first  in 
portions  of  1  c.c,  boiling  the  liquid  after  each  addition. 
When  the  precipitate  which  forms  is  seen  to  be  of  a 
bright  red  colour,  the  lamp  should  be  removed  in  order 
that  the  precipitate  may  settle.  It  is  necessary  now  to 
observe  the  depth  of  blueness  in  the  liquid,  which  is 
done  by  tilting  the  white  basin  and  looking  at  the  edge 
of  the  solution.  If  a  flask  is  used  it  should  be  held  up 
to  the  light  before  a  window.  As  long  as  any  blue  tint 
remains,  more  sugar  solution  must  bo  added  and  the 
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liquid  boiled  again.  When  in  doubt  a  small  quantity 
of  the  Jwt  solution  may  be  filtered,  acidified  with  acetic 
acid,  and  tested  for  copper  with  a  drop  of  potassium 
f errocyanide,  which  will  give  either  a  brown  coloration 
or  a  precipitate,  according  as  a  small  or  large  excess  of 
copper  solution  is  present. 

It  must  not  be  expected  that  the  exact  point  when 
the  reaction  terminates  can  be  ascertained  on  the  first 
occasion.  The  operation  should  be  repeated ;  nearly 
the  whole  of  the  necessary  volume  of  the  sugar  solution 
being  measured  into  a  beaker,  boiled,  and  in  a  gently 
continuous  stream  added  at  once ;  the  beaker  is  rinsed 
with  boiling  water,  and  the  rinsings  added  to  the  copper 
solution,  then  the  finishing  of  the  process  is  carried  out 
as  quickly  as  is  consistent  with  accuracy  to  prevent  the 
hot  solution  being  exposed  to  the  atmosphere  for  a 
period  longer  than  necessary.  The  boiling  should  not 
be  prolonged  beyond  twelve  or  fourteen  minutes  if  the 
solution  is  likely  to  contain  any  dextrine.  To  discharge 
the  colour  from  10  c.c.  of  copper  solution  0*05  gram  of 
glucose  is  necessary;  hence  the  volume  of  solution  used 
contained  this  quantity. 

Example.  —  A    specimen   of    urine    wias    examined ; 

35  c.c.  were  required  to  decolourise  10  c.c.  of  copper 

solution  ; 

,  005x100     .^. 

hence  =0*14  gram. 

35 
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The  liquid  contained  0*14  gram  of  glucose  in  100  c.c,  or 
1  -4:  gram  per  litre. 

If  the  urine  is  too  strong  in  sugar,  as  is  frequently 
the  case,  10  c.c.  may  be  diluted  to  200  c.c,  and  the  quan- 
tity of  sugar  found  as  above  multiplied  by  20. 

The  sugars  which  directly  reduce  Fehling's  solution 
arc  maltose,  milk  sugar,  dextrose,  laevulose,  and  sugar  in 
the  urine  of  patients  suffering  from  diabetes  mellitus. 

The  first  two  of  these  sugars  differ  from  the  others  in 
belonging  to  the  saccharose  group.  Maltose  occurs  in 
beer  wort  and  distillers'  mash.  Its  reducing  power  is 
only  two- thirds  that  of  glucose,  so  that  10  c.c.  of  copper 
solution  represent  0*07 57  gram  of  maltose. 

Cane,  maple,  and  beet  sugar  do  not  act  upon  Fehling's 
solution  directly,  but  they  may  be  converted  into  glucose 
by  heating  30  c.c.  or  40  c.c.  of  the  clarified  solution  with 
thirty  or  forty  drops  of  dilute  sulphuric  acid  (1  to  5)  for 
twenty  minutes.  The  liquid  must  be  maintained  at  a 
constant  volume  by  the  addition  of  as  much  water  as 
may  be  necessary,  otherwise  the  sugar  will  become 
bro"vvn.  The  acid  is  neutralised  with  sodium  carbonate, 
and  diluted  to  twenty  times  its  volume  before  titration. 
The  effect  of  the  acid  is  hydration  or  hydrolysis  of  the 
saccharose,  and  the  production  therefrom  of  dextrose 
and  laevulose.  The  precise  reason  for  this  effect  of  the 
acid  is  not  known.  100  parts  of  glucose  represent  95 
parts  of    saccharose,  or  10  c.c.  of  copper  solution  are 
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reduced  by  0-04:75  gram  of  saccharose  from  the  cane  or 
beet. 

Milk  sugar  may  also  be  converted  into  glucose  by 
boiling  with  dilute  sulphuric  acid. 


33.  THE  ANALYSIS  OF  URINE. 

Estimation  of  Chlorides,  Phosphoric  Acid,  Sugar, 
Free  Acid,  and  Ammonia. 

Chlorides. — 10  c.c.  of  urine  are  mixed  with  about 
5  c.c.  of  deci-normal  permanganate  solution  and  40  c.c.  of 
water.  The  mixture  is  boiled,  whereby  the  organic 
matter  present  is  decomposed  and  a  brown  flocculent 
precipitate  results.  Filter,  and,  if  the  liquid  is  colour- 
less, add  one  drop  of  the  permanganate  solution,  so  as  to 
communicate  a  rose  colour  to  the  solution.  Remove  the 
excess  of  permanganate  by  adding  a  few  drops  of  a  solu- 
tion of  oxalic  acid,  carefully  avoiding  an  excess.  Two 
drops  of  a  solution  of  neutral  potassium  chromate  are 
added,  and  the  mixture  is  titrated  according  to  the  method 
described  on  p.  115.  If  the  urine  is  pale  in  colour  the 
chromate  may  be  added  and  the  titration  proceeded  with 
at  once ;  but  as  the  organic  matter  carries  down  a  little 
silver,  the  resulting  figures  are  not  so  accurate. 

Phosphoric  Acid. — This  is  determined  by  means  of  a 
standard  solution  of  uranyl  acetate  (see  31,  p.  132)  which 
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has  been  titrated  and  its  strength  determined  by  means 
of  a  standard  solution  of  sodium  phosphate,  which,  how- 
ever, need  not  be  converted  into  calcium  phosphate. 
50  c.c.  of  the  clear  urine  are  measured  into  a  small 
beaker,  together  with  5  c.c.  of  the  solution  of  sodium 
acetate.  The  solution  is  warmed  on  the  water -bath. 
Should  too  much  uranium  solution  be  accidentally 
added,  an  additional  10  or  20  c.c.  of  the  same  urine 
may  be  placed  in  the  beaker  and  the  titration  again 
proceeded  with  more  cautiously. 

Sugar. — This  is  estimated  with  Fehling's  solution 
(see  32);  10  c.c.  of  the  urine  are  made  up  to  200 
C.C.  in  a  measuring  flask  and  titrated  against  10  c.c. 
of  copper  solution.  In  calculating  the  amount  of  sugar 
make  allowance  for  the  liquid  being  diluted  twenty  times. 

Free  Acid. — 100  c.c.  of  the  urine  are  measured  into 
a  beaker  and  cautiously  titrated  with  a  deci-normal  solu- 
tion of  sodium  hydrate  prepared  from  the  metal.  The 
point  of  neutrality  is  tested  by  a  drop  of  the  liquid  taken 
upon  the  point  of  a  glass  rod  and  applied  to  some  sensi- 
tive violet  litmus-paper.  It  should  cause  no  change  in 
its  colour.  As  the  acidity  cannot  be  attributed  to  any 
one  acid  in  particular,  but  is  generally  largely  due  to 
uric  acid,  it  is  usual  to  describe  it  as  being  equivalent  to 
the  quantity  of  caustic  soda  contained  in  the  volume  of 
the  normal  solution  used. 

Ammonia, — The  100  c.c.  of  the  urine  which  have 
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been  neutralised  with  soda  are  put  into  a  flask  holding 
about  half  a  litre;  10  c.c.  of  a  solution  of  normal  soda 
measured  in  a  pipette  are  added,  and  the  liquid  is  boiled 
cautiously  in  order  that  the  frothing  be  not  so  great  as 
to  cause  bubbles  to  pass  out  of  the  neck  of  the  flask. 
When  no  more  froth  is  formed,  boiling  is  allowed  to 
continue  quietly  until  all  traces  of  ammonia  have  ceased 
to  come  off  with  the  steam.  The  flask  is  allowed  to  cool 
down  to  a  convenient  temperature,  the  contents  are 
transferred  to  a  beaker,  and  normal  nitric  acid  is  added 
while  the  mixture  is  constantly  stirred.  The  point  of 
neutrality  is  tested  as  in  the  case  of  the  determination 
of  free  acid.  The  volume  of  normal  acid  used  is  deducted 
from  the  10  c.c.  of  alkali,  and  each  c.c.  of  the  remainder 
=  0*017  gram  of  ammonia.  This  process  is  not  appli- 
cable to  stale  urine,  as  it  contains  ammonium  carbonate 
resulting  from  the  decomposition  of  urea. 
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TECHNICAL    ANALYSIS. 
34.  COAL. 

Estimation  of  Moisture. — About  2  grams  of  the  coal 
are  quickly  powdered  and  placed  without  loss  of  time  be- 
tween watch-glasses  previously  weighed.  Thus  the  initial 
weight  of  the  coal  is  taken.  It  is  dried  at  a  temperature 
ranging  from  105°  to  110°  C,  but  not  higher,  otherwise  it 
might  part  with  other  volatile  matter  than  water,  and  at 
elevated  temperatures  it  is  apt  to  gain  in  weight 

Ash. — About  1  gram  of  the  coal  is  very  finely 
powdered  and  ignited  in  a  platinum  crucible,  heat  being 
applied  very  gently  at  first,  so  as  to  drive  off  volatile 
matter  without  causing  the  coal  to  cake  more  than  is 
unavoidable.  The  crucible  should  be  fitted  into  a  hole 
made  in  a  piece  of  asbestos  cardboard.  The  crucible  or 
the  cardboard  itself  may  be  placed  at  an  angle  of  30°  to 
the  vertical  position.  In  this  way  the  gases  from  the 
burner  are  separated  from  the  heated  air,  which  finds  its 
way  into  the  crucible.  In  order  to  calcine  the  ash  com- 
pletely, it  may  be  moistened  with  alcohol  after  incinera- 
tion and  ignition  continued.  In  this  way  combustion 
may  be  greatly  accelerated. 

Another  good  method  of  burning  off  the  carbon  is  to 
place  the  crucible  in  a  very  hot  muffle  furnace.  If 
necessary,  the  combustion  may  be  completed  in  a  stream 

L 
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of  oxygen  freed  from  chlorine  by  passing  it  through 
caustic  potash -solution.  Proceeding  in  this  way  with 
asbestos  cardboard,  the  carbon  should  be  entirely  con- 
sumed in  two  hours;  otherwise,  without  the  aid  of  a 
muffle  or  a  stream  of  oxygen,  it  is  difficult  to  obtain 
a  pure  ash  even  after  heating  for  eight  or  ten  hours. 
The  use  of  a  blow-pipe  or  blast-lamp  is  not  to  be  re- 
commended, as  alkalies  may  be  volatilised,  and  there  is 
a  risk  of  loss  through  mechanical  causes.  With  coke 
and  anthracite  the  material  may  be  coarsely  powdered 
and  heated  in  a  platinum  boat  previously  weighed,  and 
weighed  with  the  substance  in  it,  the  heating  to  be  con- 
ducted in  a  combustion  furnace  in  a  stream  of  oxygen, 
the  boat  being  enclosed  in  a  hard  glass  combustion 
tube  or  in  a  tube  of  porcelain. 

Volatile  Matter  and  Coke. — A  sample  of  the  coal 
amounting  to  20  or  30  grams  is  weighed  in  a  previously 
weighed  porcelain  crucible  with  a  lid.  There  should  be 
ample  room  in  the  crucible ;  it  should  in  fact  be  not 
more  than  one-third  filled.  The  porcelain  crucible  should 
be  placed  in  a  roomy  fire-clay  crucible  and  entirely  sur- 
rounded and  covered  over  above  the  lid  with  pieces  of 
charcoal ;  a  lid  is  placed  on  the  clay  crucible,  and  the 
whole  is  strongly  heated  in  a  furnace  for  an  hour.  The 
porcelain  crucible  is  removed,  dusted,  and  weighed.  The 
loss  is  moisture,  volatile  matter,  and  sulphur.  The 
residue  is  coke  and  ash. 
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Another  Method. — 1  gram  of  finely  powdered  coal 
is  placed  in  a  platinum  crucible  at  least  IJ  inch  deep, 
provided  with  a  closely  fitting  lid.  The  crucible  must 
then  be  heated  by  means  of  a  Bunsen  burner,  the  flame 
of  which  should  not  be  less  than  7  inches  high.  The 
crucible  should  be  supported  on  a  triangle  of  thin 
platinum  wire,  and  it  should  be  so  placed  that  the 
space  between  the  bottom  of  the  crucible  and  the  top 
of  the  tube  of  the  burner  is  not  more  than  IJ  inch. 
The  flame  should  not  be  disturbed  by  draughts.  In 
this  way  it  entirely  surrounds  the  crucible  and  pre- 
vents the  access  of  air  to  the  contents.  The  heating 
ought  not  to  last  longer  than  a  few  minutes,  but  must 
be  continued  as  long  as  any  appreciable  quantity  of 
inflammable  matter  escapes.  If  the  flame  be  of  smaller 
dimensions  or  the  crucible  supported  by  a  stout  triangle, 
the  yield  of  coke  will  be  too  high.  The  results  should 
be  always  calculated  upon  coal  or  coke  free  from  ash,  if 
it  is  desired  to  make  comparisons  between  a  number  of 
diff'erent  samples.  For  use  in  reverberatory  furnaces 
good  coal  should  yield  from  60  to  70  per  cent  of 
coke. 

Sulphur. — A  sample  of  the  coal  weighing  about  1 
gram  is  very  finely  powdered  and  intimately  mixed  with 
four  times  its  weight  of  anhydrous  sodium  carbonate, 
perfectly  free  from  sulphate,  in  a  large  platinum  basin  or 
crucible.     The  mixture  is  made  by  stirring  with  a  dry 
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glass-rod ;  the  powder  should  not  be  pressed  or  shaken 
down.  The  platinum  vessel  is  loosely  covered, .  if  a 
basin,  with  a  piece  of  platinum  foil  or  asbestos  card- 
board. Heat  is  applied  at  first  so  gently  as  not  to 
volatilise  hydrocarbons ;  in  other  words,  there  should 
be  no  smell  perceptible,  or  only  a  faint  aromatic  odour. 
If  the  coal-gas  is  well  purified,  a  Bunsen  burner  may  be 
employed,  the  form  known  as  an  Argand-Bunsen  answer- 
ing the  purpose  well.  Otherwise  an  Argand  spirit-lamp 
should  be  used  to  avoid  the  possibility  of  sulphur 
dioxide  or  sulphuric  acid,  resulting  from  the  combustion 
of  the  gas  being  absorbed  by  the  alkali.  The  tempera- 
ture should  be  maintained  below  a  red-heat  for  some 
time,  but  it  should  be  increased  very  gradually  without 
attaining  visible  redness,  until  the  dark  grey  colour  of 
the  surface  of  the  mixture  becomes  a  very  light  grey. 
The  temperature  is  then  raised  to  a  feeble  red-heat  and 
maintained  for  forty  to  sixty  minutes.  The  mixture  will 
become  quite  white  or  reddish  if  iron  be  present,  show- 
ing that  the  coal  has  been  completely  decomposed. 
The  mass  is  next  treated  with  water,  boiled,  filtered, 
cautiously  acidified  with  hydrochloric  acid,  and  the  sul- 
phur which  has  been  converted  into  sulphate  precipi- 
tated by  barium  chloride.  The  barium  sulphate  is 
treated  in  precisely  the  same  way  as  for  the  estimation 
of  sulphuric  acid  in  other  substances.  The  operation  is 
finished  in  an  hour  and  a  half.  .  . 
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Notes. — (1.)  It  is  important  to  bear  in  mind  that  for 
the  estimation  of  sulphur  minute  pulverisation 
is  essential.  It  is  safest  to  sift  the  powdered 
coal  through  calico  or  fine  muslin. 

(2.)  Should  particles  of  coal  remain  unoxidised,  the 
mass  may  be  fused  and  a  very  little  nitre  added. 

(3.)  The  sulphur  in  coke  may  be  estimated  in  the 
same  way. 

(4.)  The  combustion  of  the  coal  travels  from  the 
surface  downwards,  and  the  spaces  between 
the  particles  of  alkali  seem  to  act  as  chimneys. 
Hence  stirring  the  mixture  during  the  oxidation 
retards  the  process  instead  of  hastening  it. 

Example. — A  sample  of  caking  coal.     The  analysis 
was  made  in  duplicate. 

Estimation  of  Moisture—           i.  n. 

Weight  of  coal  +  crucible          .  =  22-3727  23-0108 

Weight  of  crucible           .  =21*6322  21-6310 

Coal  taken  =   0*7405  1*3798 


L  Dried  at  100°  C,  1st  weighing  =223352 

2d        „  =22*3335 

3d       „  =22*3370 

IT.  Dried  at  100°  C,  1st  weighing  =22-9424 

2d        „  =22-940 

3d        „  =22-9392 
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The  Sd  weighing  of  Sample  I.  shows  a  slight  increase, 
probably  due  to  absorption  of  oxygen  as  already  men- 
tioned ;  the  2d  weighing  was  therefore  regarded  as  the 
more  correct  for  the  dry  coal. 

Weight  of  crucible  and  coal  before              I.  II. 

heating           .           .           .  =22-3727  23-0108 
Weight  of  crucible  and  coal  after 

heating           .           .           .  =22-3335  22-9392 


Loss  =  water     =   0-0392      0-0716 


I.  II. 

0-0392  X 100  ^^''  ^^^^^  ^^"^  ''®°*- 

=  5-29  moisture      6-189 


0-7405 
Ash—  J 

Weight  of  coal  +  crucible  .     =14-0625 

Weight  of  crucible  .  .     =12-9675 


Coal  taken  =   1095 
After  ignition —  - 

Weight  of  crucible  +  ash  .  =  12*9960 

Weight  of  crucible  .  .  =12-9675 


Weight  of  ash     =   0-0285 

I.  11. 

0-0285  X  100  ^^^  ^®°*-  ^«r  cent. 

— — =  2-60  ash.  2-94  ash. 

1-095  —  ^ 
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Volatile  Matter  and  Coke— 

I. 

Weight  of  coal  taken       .  .     =  30*8575 


After  heating — 

Weight  of  crucible  and  contents  .     =47*8455 
Weight  of  crucible   .  .  .     =29*9150 


Weight  of  coke  and  ash     =  17*9305 

I. 
17*9305X100   Percent. 

=  58*10  coke  and  ash. 


30*8575 


Coke  and     .  ,      ^ 

^gjj        Ash.    Per  cent. 

68*10- 2*60  =  55*50  coke. 


of  Coal.  Ash.        Moisture. 

30*8575  -  17*9305  =  12*927. 

I. 
12*927X100  Percent 

— TT-rrrT — =41*89  volatile  matter  and  moisture. 
30-8575        

I. 

Per  cent 

Volatile  matter  and  moisture     •.  .     =  41  *89 

Moisture     =   5*29 


Volatile  matter     =36*60 
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Sulphur- 
Quantities  of  coal  taken   . 
BaSO^  obtained      . 

Sulphur  per  cent 

I.             II. 

=  0-5874    0-6195 
=  0-1606     0-1682 
=  3-75         3-72 

Composition  of  the  Coal- 
Coke 

Volatile  matter     . 
Ash 
Moisture    . 

I.         II. 

,  Percent. 

55-50      ... 

36-60      ... 
2-60     2-94 
5-29     5-189 

99-99 


I.        II. 
Per  cent. 
Sulphur     .  .     3-75     3-72 


35.  PYRITES. 

Moisture.— The  ground  pjnites  is  dried  at  105°  C. 
till  the  weight  remains  constant. 

Sulphur. — About  0-5  gram  of  pyrites,  without  pre- 
viously drying,  is  treated  with  about  10  c.c.  of  a  mix- 
ture of  three  volumes  nitric  acid  (sp.  gr.  1  '4)  and  one 
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volume  strong  hydrochloric  acid,  both  ascertained  to  be 
absolutely  free  from  sulphuric  acid.  The  reaction  should 
be  made  in  a  porcelain  basin  capable  of  holding  at  least 
150  C.C.,  the  liquid  being  covered  with  an  inverted 
funnel  about  4  inches  in  diameter.  In  this  way  fumes 
escape  and  spirting  is  prevented.  Heat  up  the  mixture 
now  and  then,  evaporate  to  drjmess  in  a  water-bath, 
add  5  c.c.  hydrochloric  acid,  evaporate  once  more.  Add 
1  C.C.  concentrated  hydrochloric  acid  and  100  c.c.  hot 
water,  filter  through  a  small  filter,  and  wash  with  hot 
water.  The  insoluble  residue  may  be  dried,  ignited, 
and  weighed.  It  may  contain  silicic  acid  and  silicates, 
the  sulphates  of  barium,  lead,  and  even  calcium;  the 
sulphur  of  sulphates,  being  useless  for  the  purpose  of 
sulphuric  acid -making,  is  not  estimated.  The  filtrate 
and  washings  are  made  alkaline  with  ammonia,  excess 
being  avoided.  The  precipitated  ferric  hydrate  is 
filtered  and  washed.  This  can  be  done  within  an  hour's 
time  by  employing  the  following  precautions  :  (1)  Filter 
hot,  and  wash  on  the  filter  with  hot  water,  avoiding 
channels  in  the  mass  of  precipitate,  but  so  that  the 
whole  precipitate  is  thoroughly  chiuned  up  with  the 
water  each  time  (washing  by  decantation  would  produce 
too  great  a  bulk  of  liquid);  (2)  Employ  a  sufficiently 
dense  paper  capable  of  filtering  rapidly,  such  as  No.  595, 
mentioned  on  p.  11;  (3)  Use  funnels,  made  at  an  angle 
of  exactly  60°,  the  tube  being  not  too  wide,  and  arm- 
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pletely  filled  by  the  liquid  running  through.  A  filter- 
pump  may  also  be  employed  with  the  usual  precautions. 
Wash  till  about  1  c.c.  of  the  washings,  on  adding  barium 
chloride,  shows  no  opalescence  even  after  a  few  minutes. 
The  filtrate  and  washings  should  not  exceed  200  c.c, 
otherwise  they  should  be  concentrated  by  evaporation. 
Acidulate  with  pure  hydrochloric  acid  in  very  slight  excess, 
boil,  remove  the  burner,  and  add  a  solution  of  barium 
chloride  just  previously  boiled.  For  0*5  gram  pyrites 
20  c.c.  of  a  10  per  cent  solution  of  barium  chloride  is 
always  more  than  sufl&cient.  This  may  be  roughly 
measured  in  a  test-tube  provided  with  a  mark,  and  it 
may  be  heated  in  the  same  tube.  After  precipitation 
the  liquid  is  left  to  stand  for  half  an  hour,  by  which 
time  the  precipitate  should  have  completely  settled. 
Decant  the  clear  portion  through  a  filter,  pour  100  c.c. 
boiling  water  on  to  the  precipitate,  and  stir  up.  Wait 
two  or  three  minutes  for  the  precipitate  to  settle  com- 
pletely, and  decant  again.  Repeat  the  washing  with 
boiling  water,  and  the  decantation  three  or  four  times, 
till  the  liquid  has  lost  its  acid  reaction.  Wash  the  pre- 
cipitate on  to  the  filter,  dry,  and  ignite.  It  should  be 
a  perfectly  white  and  loose  powder.     One  part  of  it  is 

32  X 1 
^^"^^  ^  -7;^  =  0*1 3'^3,  where  sulphur  Ba  =  137,  S  =  32, 

Zoo 

0  =  16,  andBaS04  =  233. 

Copper. — 1  gram  of  pyrites,  finely  powdered  and 
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dried  as  before,  is  treated  with  concentrated  nitric  acid, 
and  then  evaporated  to  dryness.  Pour  concentrated 
sulphuric  acid  over  the  residue,  and  heat  on  a  sand-bath 
till  the  free  acid  is  expelled.  Let  it  cool  down,  boil  up 
the  mass  with  water,  allow  it  to  cool,  add  a  quarter  of 
its  volume  of  spirit  of  wine,  let  it  stand  for  twelve  hours, 
and  filter.  The  residue  on  the  filter  is  washed  with  a 
mixture  of  1  part  alcohol  and  2  parts  water  till  the 
filtrate  is  free  from  copper.  The  dilute  filtrate  is 
saturated  with  sulphuretted  hydrogen,  and  allowed  to 
stand  for  some  hours.  The  precipitate  (containing  the 
sulphides  of  copper,  arsenic,  antimony,  and  bismuth)  is 
washed  with  a  solution  of  sulphuretted  hydrogen  con- 
taining a  little  sulphuric  acid,  dried,  mixed  with  the 
ashes  of  the  filter,  which  has  been  previously  burnt, 
and  with  pure  sulphur  (recrystallised  from  carbon 
disulphide)  ignited  in  a  Rose's  crucible  in  a  current  of 
hydrogen  or  coal-gas,  and  weighed.  In  this  operation 
arsenic  is  completely  volatilised ;  antimony  and  bismuth 
remain  along  with  the  copper.  Spanish  pyrites  contains 
an  almost  constant  quantity  of  0-05  per  cent  of  anti- 
mony and  bismuth,  of  which  0O005  gram,  together 
with  the  weight  of  the  filter-ash,  is  deducted  from  the 
cuprous  sulphide.     Where  Cu  =  63*33  and  S  =  32,  then 

1  part  of  Cu„S=  ^^^'^^^^=0-7983  Cu. 
^  ^  158-66 
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36.  PYRITES  CINDER. 

Sulphur  is  estimated  by  dissolving  the  substance  in 
aqua  regia,  evaporating  with  hydrochloric  acid,  dissolving 
in  a  very  little  hydrochloric  acid  and  hot  water,  and 
precipitating  with  barium  chloride  while  the  solution  is 
boiling,  as  described  in  35. 

Copper  is  estimated  as  already  described  in  35, 
but  the  solution  of  the  sample  (1  gram)  is  made  by 
means  of  hydrochloric  acid,  with  a  few  drops  of  nitric 
acid.  A  deduction  of  0*07  per  cent  for  bismuth  and 
antimony  is  made  from  the  percentage  of  copper  found. 

Note. — The  iron  is  previously  precipitated  in  35  in 
order  that  the  barium  sulphate  may  not  carry 
down  any  basic  ferric  salt  on  the  addition  of 
barium  chloride.  It  is  not  necessary  to  esti- 
mate the  sulphur  with  such  great  accuracy  in 
pyrites  cinder  as  in  unburnt  pyrites ;  the 
treatment  with  ammonia  is  therefore  here 
omitted. 
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37.  COMPLETE  ANALYSIS  OP  CALCIUM 
SUPERPHOSPHATE. 

Moisture. — Weigh  about  2  grams  of  the  superphos- 
phate between  a  pair  of  weighed  watch-glasses,  and  dry 
in  a  water-oven  at  100°  0.  until  the  weight  is  constant. 
The  loss  represents  moisture. 

Combined  Water. — The  substance  dried  at  100° 
is  further  heated  in  an  air-bath  to  150°,  cooled  in  a 
desiccator,  weighed,  and  the  heating  repeated  until  it 
ceases  to  lose  weight.  This  second  loss  represents 
chemically  combined  water. 

Insoluble  Mineral  Matter. — The  dried  substance 
is  transferred  to  an  evaporating  basin,  every  particle 
being  brushed  off  the  watch-glass  with  a  camel's-hair 
brush.  Strong  hydrochloric  acid  is  poured  on  to  the 
substance,  and  some  water  is  added.  Heat  is  applied 
until  the  action  of  the  acid  has  ceased.  The  solution 
is  then  filtered,  and  the  insoluble  residue  well  washed 
with  hot  water,  dried,  ignited,  the  filter- paper  burnt, 
and  the  crucible  with  contents  weighed. 

Soluble  Phosphoric  Acid. — Weigh  out  exactly  20 
grams  of  the  original  substance,  and  triturate  with  cold 
water,  in  a  mortar,  the  small  lumps  being  broken  up. 
It  is  best  to  add  only  sufficient  water  at  first  to  make  the 
phosphate  into  a  paste,  and  afterwards  to  add  the  water 
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little  by  little,  continuing  to  triturate.  The  bulk  of  the 
liquid  is  poured  on  to  a  filter  in  a  litre  flask,  more  water 
is  added,  and  trituration  is  continued,  the  liquid  being 
filtered  a  second  time.  The  operation  is  repeated  a 
third  and  a  fourth  time.  The  residue  is  then  washed 
into  the  litre  flask,  and  the  flask  is  filled  to  three-fourths 
of  its  capacity.  Allow  it  to  stand  for  three  hours,  occa- 
sionally shaking  to  agitate  the  liquid  and  residue  at 
intervals.  The  liquid  is  filtered  into  a  litre  flask,  the 
residue  being  washed  with  water  sufficient  to  fill  the 
second  flask  up  to  the  mark.  The  liquid  must  now  be 
thoroughly  mixed,  which  may  be  done  by  transferring 
it  to  a  dry  quart  jug  and  stirring  with  a  strip  of  glass. 

Of  this  solution  50  c.c.  are  transferred  to  a  beaker, 
and  dilute  caustic  soda  is  added  until  the  reaction  is 
just  alkaline  ;  a  white  flocculent  precipitate  then  forms. 
Acetic  acid  is  added  until  the  reaction  is  strongly  acid. 
That  is  to  say,  not  only  must  the  originally  acid  reaction 
be  restored,  but  a  few  more  drops  of  acetic  acid  must  be 
added.  If  a  slight,  white  flocculent  precipitate  of  ferric 
phosphate  still  remains  undissolved,  it  may  be  collected 
on  a  filter,  washed  well,  dried,  ignited,  and  weighed. 
From  its  weight  the  ferric  oxide  and  phosphoric  anhy- 
dride are  calculated. 

As,  however,  more  or  less  lime  is  carried  down  with 
the  alumina  and  ferric  phosphate,  this  should,  when 
possible,   be  separated.      Dissolve    the    precipitate    in 
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strong  hydrochloric  acid,  add  a  little  citric  acid  to 
retain  ferric  oxide  and  alumina  in  solution,  neutralise 
the  solution  with  ammonia,  add  a  slight  excess  of  acetic 
acid,  and  precipitate  any  lime  which  may  be  present  by 
adding  ammonium  oxalate.  Filter,  wash,  ignite  in- 
tensely, and  weigh  as  caustic  lime,  CaO. 

The  filtrate  from  the  iron  and  alumina  may  be  con- 
centrated and  afterwards  filled  up  to  50  cc.  To  this 
liquid  5  cc.  of  a  solution  of  sodium  acetate  are  added, 
and  the  phosphoric  acid  is  determined  with  a  standard 
solution  of  uranyl  acetate  which  has  previously  been 
standardised  with  a  solution  of  tricalcic  phosphate. 
Nearly  the  full  amount  of  uranium  solution  should 
be  added  before  heat  is  applied  to  the  liquid,  in  order 
to  prevent  any  precipitation  of  calcium  phosphate  (see 
p.  134). 

Insoluble  Phosphoric  Acid.— About  2  grams  of 
the  finely  jx)wdered  substance  are  heated  on  the  water- 
bath,  with  50  cc.  of  water  and  10  cc  of  nitric  acid  in  a 
250  cc  flask  imtil  dis.solved.  A  small  quantity  of 
matter  remains  undissolved.  The  liquid  is  allowed  to 
cool,  and  the  flask  is  filled  up  to  the  250  cc  mark. 
Shake  well  and  filter.  Of  this  solution  50  cc  are 
measured  off"  and  titrated  as  before  with  uranic  acetate. 
On  deducting  the  amount  of  soluble  phosphate,  already 
ascertained,  from  the  total  phosphoric  acid,  the  diflerence 
gives  the  phosphoric  acid  in  the  insoluble  phosphate. 
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Sulphuric  Acid.— Of  the  acid  solution  50  c.c.  are 
measured  off  and  precipitated  by  barium  chloride  in  the 
usual  manner  (see  9,  p.  51). 

Lime. — 50  c.c.  of  the  acid  solution  are  mixed  with 
caustic  soda  until  the  reaction  of  the  liquid  is  alkaline, 
then  acetic  acid  is  added  until  the  precipitated  lime  and 
magnesia  phosphate  are  redissolved.  The  ferric  phos- 
phate is  filtered  off  and  well  washed.  The  filtrate  is 
heated,  and  ammonium  chloride,  ammonia,  and  am- 
monium oxalate  are  added,  and  the  liquid  with  the 
precipitate  is  allowed  to  stand  over -night,  the  clear 
supernatant  liquid  is  syphoned  off  and  filtered  if  neces- 
sary, and  the  precipitate  is  washed  well  with  hot  water, 
the  wash  water  is  filtered,  the  precipitate  is  washed 
on  to  the  filter  and  again  washed  with  hot  water,  dried, 
ignited,  the  paper  burnt,  and  the  whole  weighed  as  car- 
bonate, the  instructions  on  p.  78  being  observed. 

Magnesia. — The  filtrate  from  the  calcium  oxalate  is 
next  made  strongly  alkaline  with  ammonia.  The  pre- 
cipitate and  liquid  are  allowed  to  stand  over-night, 
filtered,  and  the  precipitate  is  treated  in  the  usual 
manner  (see  15,  p.  71). 
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Analysis  of  Superphosphate  of  Limk 


L 

IL 

Per  cent. 

Per  cent 

Magnesia   . 

0-51 

0-43 

Lime 

24-68 

24-69 

Sulphuric  acid 

32-09 

31-84 

Moisture  expelled  at  100°  C. 

14-32 

13-83 

Combined  water  . 

3-88 

4-62 

Insoluble  matter  . 

4-29 

4-29 

Ferric  oxide 

0-61 

0-61 

Soluble  phosphoric  acid 

18-13 

18-22 

Insoluble  phosphoric  acid 

0-62 

0-59 

Organic  matter  (not  estimated) 

... 

99-13 

99-12 

METHODS  OF  ANALYSING  ALLOYS 
AND  COMPLEX  MINERALS 
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REMAEKS  ON  THE  PRECIPITATION  OF  ZINC. 

Many  alloys  contain  zinc  in  large  or  small  propor- 
tion. In  the  analysis  of  such  the  separation  of  this 
metal  has  generally  proved  troublesome,  and  to  obviate 
any  difficulty  a  volumetric  method  of  estimating  the 
zinc  has  been  much  used.  The  use  of  a  method  of 
separation  and  weighing  of  a  definite  zinc  compound, 
when  only  two  or  three  analyses  have  to  be  made,  is 
much  to  be  preferred.  On  examining  the  processes  for 
the  precipitation  of  zinc  sulphide,  in  Examples  38, 
40  (c),  p.  185,  40  (e)y  p.  187,  and  41,  p.  191,  it  may  be 
remarked  that  the  one  described  in  40  (e)  and  41  is  most 
to  be  recommended  for  convenience,  though  all  have 
given  good  results,  as  the  figures  indicate. 

38.  BRASS. 

Estimation  of  Copper  and  Zinc,  with  Small 
Quantities  of  Lead  and  Iron, 

Accurately  weigh  out  about  5  grams  of  the  alloy  in 
the  form  of  wire,  turnings,  filings,  or  clippings,  and 
dissolve  it  in  nitric  acid,  evaporate  to  dryness,  add  some 
strong  hydrochloric  acid,  evaporate  again,  and  dissolve 
up  with  dilute  hydrochloric  acid  and  a  little  water  so  as 
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to  form  an  acidulated  aqueous  solution.  Boil  and  pass 
sulphuretted  hydrogen  through  the  liquid  for  some  time, 
allow  the  precipitate  to  subside,  decant  the  solution  on 
to  a  large  filter.  Dilute  the  filtrate  with  an  equal 
volume  of  water,  boil,  and  again  pass  the  gas,  treating 
the  precipitate,  if  any,  as  before.  Wash  the  mixed 
precipitates  with  hydrochloric  acid  of  specific  gravity 
1*05  saturated  with  sulphuretted  hydrogen.  Then 
wash  several  times  with  sulphuretted  hydrogen  water, 
finally  pour  the  precipitate  on  to  the  filter  and  allow  it 
to  drain.  The  precipitate  contains  copper,  lead,  and  a 
trace  of  arsenic ;  the  filtrate,  zinc  and  iron. 

This  precipitate  must  not  be  kept  or  exposed  to  the 
air  for  any  length  of  time,  because  copper  sulphide  is 
easily  oxidisable  and  converted  into  sulphate. 

Remove  the  precipitate  from  the  filter  as  completely 
as  possible  by  means  of  a  glass  rod  into  a  porcelain 
basin,  wash  in  the  remainder,  and  evaporate  on  a  water- 
bath.  Treat  the  filter  in  a  separate  dish  with  nitric 
acid  diluted  with  an  equal  volume  of  water,  pour  this 
solution  on  a  small  filter,  and  wash  the  original  filter, 
which  may  afterwards  be  thrown  away.  The  acid  is 
then  introduced  into  the  porcelain  basin  containing  the 
sulphides ;  invert  a  funnel  over  the  basin  to  prevent  loss 
by  spirting,  and  digest  on  a  water-bath  till  the  separated 
sulphur  is  of  a  light  yellow  colour.  This  solution  of  the 
sulphide  is  then  poured  on  to  a  small  filter  as  before,  and 
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the  filtrate  is  received  in  a  porcelain  dish.  The  filter, 
with  the  sulphur,  is  then  dried  and  ignited,  the  residue 
is  treated  with  strong  nitric  acid  and  filtered  into  the 
remaining  solution. 

Separation  of  the  Lead. — Dilute  sulphuric  acid  is 
added  in  slight  excess  to  the  liquid,  and  evaporation  is 
carried  on  till  sulphuric  acid  begins  to  volatilise.  The 
residue  is  then  dissolved  with  water  containing  a  little 
sulphuric  acid,  heated  and  poured  on  to  a  weighed  filter 
(p.  19),  if  the  amount  be  very  small,  the  filtrate  being 
received  in  a  litre  flask. 

The  residue,  consisting  of  lead  sulphate,  is  washed 
free  from  copper  with  water  acidulated  with  sulphuric 
acid,  and  finally  with  strong  alcohol,  such  as  redistilled 
methylated  spirit.  The  alcoholic  washings  must  be  kept 
separate,  but  that  portion  of  the  liquid  containing  copper 
is  added  to  the  litre  flask.  The  filtrate  and  aqueous 
washings  are  then  made  up  to  1  litre.  This  solution 
contains  all  the  copper,  and  the  amount  must  be  deter- 
mined subsequently. 

Separation  of  Zinc  and  Iron  in  the  Filtrate.— 
The  filtrate  from  the  precipitate  caused  by  sulphuretted 
hydrogen  is  evaporated  to  expel  the  greater  part  of  the 
acid,  boiled  with  a  few  drops  of  nitric  acid  and  filtered 
into  a  flask ;  then  barium  carbonate  is  added  and  the 
flask  is  corked.  After  standing  for  some  hours  the  pre- 
cipitate is  filtered  ofi". 
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{a)  The  precipitate  contains  FcgOg  and  BaCOg. 

(b)  The  filtrate  contains  ZnClg  and  BaClg. 

{a)  The  precipitate  is  dissolved  in  hydrochloric  acid, 
and  the  iron  is  precipitated  by  addition  of  am- 
monia. The  liquid  is  heated  and  filtered,  and 
the  precipitate  ignited  and  weighed  as  FegOg. 

To  completely  precipitate  the  zinc  the  following  opera- 
tions are  necessary : — 

{b)  The  filtrate  is  introduced  into  a  flask  of  about  half 
a  litre  capacity  and  fairly  diluted  with  water,  add 
some  ammonium  chloride,  nearly  neutralise  the 
liquid  with  sodium  carbonate,  boil  for  a  short 
time,  and  to  the  hot  solution  add  just  a  suffi- 
ciency of  freshly  prepared  and  colourless  am- 
monium sulphide,  containing  an  excess  of 
ammonia  until  the  liquid  is  alkaline.  There 
must  be  no  great  excess  of  the  sulphide  present. 
Fill  the  flask  up  with  water,  cork,  and  allow  it 
to  stand  for  twelve  hours  in  a  wai-m  place. 
Filter  the  liquid  while  hot,  cover  the  funnel 
with  a  glass  plate,  and  wash  the  precipitate 
with  water  containing  ammoniimi  sulphide  and 
a  gradually  decreasing  quantity  of  ammonium 
chloride  until  there  is  none.  Dissolve  the  pre- 
cipitate in  hydrochloric  acid,  precipitate  with 
sodium  carbonate,  filter,  ignite,  and  weigh  as 
ZnO. 
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Estimation  of  the  Copper. — Take  100  c.c.  of  the 
solution  in  the  litre  flask,  evaporate  to  expel  nitric  acid, 
a  little  strong  hydrochloric  acid  being  added  to  convert 
the  salt  into  chloride,  dihite  with  water  to  the  original 
volume,  pass  sulphuretted  hydrogen  through  the  liquid, 
warm,  again  pass  the  gas  and  filter.  Wash  the  precipi- 
tate with  water  containing  sulphuretted  hydrogen  and 
dry.  The  dried  precipitate  is  then  transferred  to  a 
porcelain  crucible,  the  filter  is  burnt  and  added,  and 
some  pure  sulphur  is  mixed  therewith.  A  cover  with  a 
hole  in  the  centre  is  provided  for  the  crucible,  and 
through  this  a  porcelain  tube  delivers  a  stream  of 
hydrogen  into  the  crucible.  The  crucible  is  ignited, 
cooled,  and  weighed.  The  ignition  is  repeated,  a 
further  small  addition  of  sulphur  being  made  until 
the  weight  is  constant. 

The  contents  of  the  crucible  are  weighed  as  CugS  and 
multiplied  by  10  as  representing  only  ^  of  the  copper 
in  the  alloy. 

Example — 

"Weight  of  brass  taken       .     =6-136  grams. 

I-^^-  Grams. 

Weight  of  PbSO^,  filter,  and  weighing-tube      =  16-9600 
Weight  of  filter  and  weighing-tube   .  .      =  16-9235 


Weight  of  PbSO^     =   00365 
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To  find  the  percentage  of  lead — 
Pb=207 

0-0365x207 
303 


s= 

=   32 

0,= 

=   64 

303 

=  0-0249  gram. 


0-0249x100  ^'7'f.     , 

=  0-405  lead. 

6-136 


Iron- 


Grams. 

Weight  of  FegOg  crucible,  lid,  and  filter-ash      =  40-6177 
Weight  of  crucible,  lid,  and  filter-ash     .  =  40*5485 

Weight  of  filter-ash  .  .  .  =   0-0060 


Weight  of  FcgOg  =   0-0632 

To  find  the  percentage  of  iron — 
Feo  =  112  0-0832x112 


0«=   48  160 


0-0442  gram. 


160 


0-0442x100  ^''''"*- 

=  0-72  iron. 


6-136 


Zinc- 


Grams. 

Weight  of  ZnO  +  crucible,  lid,  and  filter-ash      =  25-547 
Weight  of  crucible  -f  lid  .  .  .     =  23-236 

Weight  of  filter-ash         .  .  .  .     =   0-006 


Weight  of  ZnO     =   2-305 
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To  find  the  percentage  of  zinc- 

Zn  =  65-5  2-305x65-5 

0  =  16  81-5 


=  1-852 


81-5 


1-852x100  Percent. 
-^;^^^  =  30-18  zinc. 


Copper. — Only  yij.  of  the  solution  of  the  substance 
was  used  for  the  estimation  of  copper. 


Weight  of  CugS  +  crucible  and  filter-ash    . 

=  10-881 

After  reheating  (1) 

=  10-872 

»         (2)        .          .           . 

=  10-8625 

»         (3)        .           .           . 

=  10-862 

Weight  of  CugS,  crucible,  and  filter-ash 

=  10-862 

Weight  of  crucible  +  filter-ash 

=  10-329 

Weight  of  CugS  +  filter-ash     . 

=   0-533 

Weight  of  filter-ash 

=   0006 

Weight  of  CugS     =   0527 
To  find  the  percentage  of  copper — 


Cu2=127 
S=   32 

159 


0-527x127     ^^°'- 


159 


=  0-4209  copper. 
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But  0'4209  gram  of  copper  is  only  J^  therefore  the 
actual  amount  present  in  the  quantity  of  alloy  taken  for 
analysis  =  4-209  grams. 


4-209x100 
6-136 

Per  cent. 

=  68-59  copper. 

Per  cent. 

Lead  . 

0-40 

Iron    . 

0-72 

Zinc    . 

30-18 

Copper 

68-59 

99-89 

Notes. — (1.)  Copper  sulphide  is  easily  dissolved  by 
nitric  acid,  and  some  sulphur  generally  separates, 
which  entangles  a  little  of  the  copper  sulphide, 
thus  preventing  it  entering  into  solution. 

(2.)  There  should  not  be  too  large  a  proportion  of 
hydrochloric  acid,  lest  some  of  the  lead  be  re- 
tained in  solution  when  submitted  to  the  action 
of  sulphuretted  hydrogen.  To  guard  against 
this,  dilution  and  a  second  treatment  with  sul- 
phuretted hydrogen  are  advisable. 

(3.)  Small  quantities  of  zinc  sulphide  are  precipitated 
along  with  arsenic  sulphide ;  but  as  zinc  sul- 
phide is  easily  soluble  in  hydrochloric  acid,  it 
may  be  removed  by  washing  the  precipitate 
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with  this  acid,  mixed  with  a  sohition  of  sul- 
phuretted hydrogen. 

(4.)  To  completely  precipitate  copper  from  a  strong 
solution  sometimes  half  an  hour  is  not  too  long 
for  the  gas  to  be  passed  through  the  liquid. 

(5.)  The  foregoing  description  states  that  hydrogen 
is  passed  into  the  crucible  when  the  copper 
sulphide  is  heated,  and,  in  the  analysis  quoted, 
hydrogen  was  actually  employed;  but  it  is 
worth  recording  that  coal-gas  may  conveni- 
ently be  used  instead. 

(6.)  The  precipitate  of  zinc  sulphide  obtained  in  the 
manner  here  described  cannot  be  properly 
washed  unless  ammonium  chloride  be  added 
to  the  water.  Without  such  addition  the 
filtrate  is  always  turbid,  even  though  am- 
monium sulphide  be  used. 

(7.)  If  tin  be  present,  dissolve  2  grams  in  nitric 
acid,  evaporate  to  dryness  on  the  water- bath, 
moisten  with  nitric  acid,  add  water  and  warm, 
dilute  still  further,  and  filter  off  any  stannic 
oxide,  as  in  39,  The  filter  is  acidified  with 
20  c.c.  of  dilute  sulphuric  acid ;  evaporated  on 
the  water-bath  and  diluted  with  50  c.c.  of 
water ;  warm  and  filter  off  any  lead  sulphate. 
This  must  be  treated  as  already  described. 
The  filtrate  may  be  treated  for  the  separation 
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of  copper  from  zinc  and  iron.  Dilute  conveni- 
ently and  boil,  then  add  a  strong  solution  of 
sodium  thiosulphate  as  long  as  a  black  precipi- 
tate forms.  As  soon  as  this  has  subsided,  leav- 
ing only  sulphur  in  suspension,  the  precipitation 
of  copper  is  complete.  For  the  treatment  of 
the  precipitate  (see  39,  p.  175). 


39.  BRONZE  COINAGE,  GUN  METAL,  BELL 
METAL. 

Estimation  of  Lead,  Tin,  Zinc,  and  Copper. 

A  halfpenny  is  fixed  in  a  hand  or  table  vice,  and  with 
a  clean  file  a  quantity  of  the  metal  is  finely  divided,  the 
filings  falling  on  to  a  sheet  of  glazed  writing-paper. 
Transfer  5  grams  of  the  filings  accurately  weighed  from 
a  tube  into  a  flask  capable  of  holding  from  half  a  litre  to 
a  litre.  A  small  funnel  is  placed  in  the  neck  of  the 
flask,  through  which  some  moderately  strong  nitric 
acid  of  1*3  sp.  gr.  is  gradually  poured  on  to  the 
filings.  When  the  first  tumultuous  evolution  of  gas 
has  moderated,  the  flask  is  gently  warmed  until  the 
stannic  oxide  formed  appears  of  a  white  colour,  and  no 
further  action  of  the  acid  appears  to  take  place.  The 
contents  of  the  flask  are  then  transferred  to  a  porcelain 
basin  and  evaporated  to  complete  dryness^  in  order  to 
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secure  the  insolubility  of  the  stannic  oxide.  Water  ig 
then  added,  the  precipitate  is  filtered  off  and  washed 
until  the  washings  scarcely  redden  litmus -paper.  The 
precipitate  is  then  dried,  transferred  to  a  weighed  porce- 
lain crucible,  the  precipitate  is  ignited,  the  filter  burnt 
and  added  to  the  crucible,  the  whole  once  more  ignited 
over  a  blast-lamp  or  blow-pipe,  cooled,  and  then  weighed 
as  SuOg.  A  strong  ignition  is  necessary,  since  a  simple  red- 
heat  is  not  sufficient  to  completely  dihydrate  the  stannic 
oxide.    The  filtrate  contains  the  other  metals  as  nitrates. 

The  Estimation  of  Lead. — Add  some  sulphuric 
acid  to  the  filtrate  in  fair  excess,  transfer  the  mixture 
of  lead  sulphate  and  solution  of  salts  to  an  evaporating 
basin,  evaporate  till  fumes  of  sulphuric  acid  are  freely 
evolved,  allow  the  liquid  to  cool,  and  add  water.  Filter 
immediately  from  the  undissolved  lead  sulphate,  wash 
'with  water  containing  sulphuric  acid,  remove  the  beaker 
containing  the  filtrate,  and  replace  it  by  another  vessel. 
The  sulphuric  acid  in  the  filter-paper  must  now  be  dis- 
placed by  washing  with  alcohol,  the  filter  and  precipitate 
are  dried,  the  precipitate,  if  sufficiently  large,  is  trans- 
ferred to  a  crucible,  the  paper  burnt  and  added  thereto, 
and  the  whole  ignited.  Weigh  as  PbSO^  and  calculate 
asPb. 

The  Estimation  of  Copper. — The  filtrate  from  the 
lead  sulphate  containing  copper  and  zinc  sulphates  is 
nearly  neutralised  with  sodium  carbonate,  diluted  to  about 
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700  C.C.,  boiled,  and  mixed  with  a  strong  solution  of 
sodium  thiosulphate  as  long  as  a  black  precipitate  falls. 
The  precipitate,  which  is  cuprous  sulphide,  is  allowed  to 
subside,  a  little  sulphur  remains  in  suspension  in  the 
liquid,  the  precipitate  is  filtered  off  and  washed.  As  it 
is  not  readily  oxidised,  it  is  unnecessary  to  use  the  pre- 
cautions employed  when  washing  the  cupric  sulphide. 
The  precipitate  is  washed  out  of  the  filter  as  far  as  pos- 
sible into  an  evaporating  basin  of  4  or  5  inches  diameter, 
with  a  stream  of  hot  water  from  a  washing  bottle, 
and  then  digested  with  nitric  acid.  The  filter  is  separ- 
ately treated  in  a  beaker  or  evaporating  basin  with  nitric 
acid,  and  filtered  free  from  the  paper  fibres  and  trans- 
ferred to  the  cupric  nitrate ;  a  sufficiency  of  sulphuric 
acid  is  then  added  and  the  liquid  evaporated  until  fumes 
of  sulphuric  acid  are  evolved.  The  liquid  is  cooled  and 
diluted  with  water,  transferred  to  a  litre  flask,  and  the 
basin  repeatedly  rinsed  until  no  more  copper  is  removed 
by  the  rinsings ;  it  is  then  made  up  to  1  litre.  An  ac- 
curately graduated  pipette,  capable  of  delivering  100  c.c, 
is  then  filled  with  the  solution  after  it  has  been  com- 
pletely mixed,  and  three  separate  quantities  of  the 
solution  are  removed.  The  copper  is  precipitated  by 
sodium  thiosulphate,  washed,  ignited  with  sulphur  in  a 
current  of  coal-gas,  and  weighed  as  cuprous  sulphide. 
The  sulphur  used  should  be  recrystallised  from  carbon 
disulphide. 
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The  Estimation  of  Zinc. — The  filtrate  from  the 
copper  sulphide  is  boiled  to  remove  the  last  traces  of 
sulphuretted  hydrogen  and  rendered  neutral  with  am- 
monia, then  proceed  as  in  41,  p.  191. 

Notes. — (1.)  Stannic  oxide  is  precipitated  by  the  fore- 
going treatment  in  a  state  of  purity,  but  it  may 
contain  iron,  and  possibly  copper  and  lead,  in 
small  quantities.  Should  the  stannic  oxide 
from  its  colour  show  signs  of  impurity,  it  may 
be  treated  in  the  following  manner  : — Mix  it  in 
the  crucible  with  3  parts  of  dry  sodium  carbon- 
ate and  3  parts  of  sulphur,  cover  the  crucible 
and  heat  it  until  the  contents  have  completely 
fused  and  the  excess  of  sulphur  is  volatilised. 
The  mass  is  allowed  to  cool,  and  treated  with 
water,  which  dissolves  the  stannic  sulphide  as 
sodium  sulpho-stannate.  Iron,  copper,  and  lead 
\vill  remain  as  sulphides.  The  former  may  be- 
come dissolved  and  give  the  solution  a  dark- 
green  colour ;  in  order  to  precipitate  this,  add 
a  little  ammonium  chloride,  and  digest  imtil  the 
solution  has  turned  yellow.  Filter  off  the  sul- 
phides and  wash  with  the  usual  precautions 
with  sulphuretted  hydrogen  water ;  as  small  a 
filter  as  possible  should  be  used.  Wash  the 
precipitates  into  a  small  porcelain  evaporating 
N 
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dish,  add  strong  nitric  acid,  and  dissolve  by 
application  of  heat;  cupric  and  ferric  nitrates 
may  be  formed,  and  lead  sulphate.  Add  some 
dilute  sulphuric  acid  drop  by  drop  to  precipitate 
all  the  lead,  filter  off,  dry,  ignite,  and  weigh  as 
PbSO^.  Calculate  as  PbO  and  deduct  from  the 
SnOg.  Then  calculate  as  Pb.  The  filtrate  from 
the  lead  sulphate  is  treated  with  ammonia  in 
excess,  the  precipitate  filtered  off  and  dissolved 
in  hydrochloric  acid ;  it  is  then  again  precipi- 
tated by  ammonia,  washed,  dried,  and  ignited. 
This  is  weighed  as  FegOg ;  its  weight  must  be 
deducted  from  the  SnOg.  It  must  then  be 
calculated  as  Fe.  Should  there  be  any  copper 
present  the  blue  colour  of  the  ammoniacal 
filtrate  will  make  this  known.  Acidify  very 
carefully  with  hydrochloric  acid,  heat  the  solu- 
tion in  a  porcelain  basin  till  it  commences  to 
boil,  add  a  dilute  solution  of  pure  caustic  alkali 
till  there  is  no  further  precipitation,  keep  the 
mixture  near  its  boiling-point  for  a  few  minutes, 
and  allow  the  precipitate  to  subside.  Filter  off 
the  liquid,  wash  the  precipitate  two  or  three 
times  by  decantation,  boiling  up  after  each 
addition  of  water,  collect  the  precipitate  on 
the  filter,  wash  thoroughly  with  hot  water, 
dry,  and  ignite  intensely.     Add  a  single  drop 
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of  nitric  acid,  digest  on  the  water-bath,  add  a 
particle  of  ammonium  carbonate,  and  heat 
gradually  to  strong  redness.  Weigh  as  CuO. 
Deduct  from  the  weight  of  the  SnOg  and  calcu- 
late as  Cu. 

(2.)  Lead  sulphate  is  slightly  soluble  in  pure  water, 
but  its  solubility  is  decreased  by  acidifying  the 
water  with  sulphuric  acid.  Thus  :  1  part  of 
lead  sulphate  dissolves  in  22,800  parts  of  pure 
water  and  in  36,000  parts  of  water  containing 
sulphuric  acid.  It  is  almost  perfectly  insoluble 
in  alcohol  or  spirit  of  wine. 

(3.)  Washing  the  filter  with  alcohol  to  remove  the 
sulphuric  acid  is  necessary,  otherwise  the  filter 
would  char  or  become  brittle  and  fall  to  pieces. 

Example. — A  halfpenny  was  reduced  to  filings,  and 
the  following  numbers  were  obtained  in  two  analyses  : — 

I.  IL 

Per  cent.        Per  cent. 

Lead   .  019  006 

Tin      .  4-38  396 

Copper  93-96  94*47 

Zinc     .  1-66  1-56 


10019         10005 
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40.  ZINC  BLENDE. 

Zinc  Blende,  or  "  Black  Jack,"  consists  essentially 
of  zinc  sulphide,  but  it  is  very  commonly  mixed  with 
other  sulphides,  especially  with  galena  or  lead  sulphide, 
with  iron,  manganese,  copper,  and  cadmium  sulphides, 
and  with  calamine  or  zinc  carbonate.  The  quartz  or 
gangue,  which  contains  no  reducible  metal,  must  be 
estimated. 

The  ore  is  reduced  to  the  finest  powder  and  carefully 
sifted.  It  is  dried  at  100°  0.  The  sulphur  and  the 
metals  are  estimated  in  separate  portions. 

Sulphur. — (a)  Weigh  about  1  gram  of  the  very 
finely  powdered  mineral  into  a  pint  beaker,  add  50  c.c. 
of  a  strong  solution  of  pure  caustic  potash  or  soda  (per- 
fectly free  from  sulphate),  digest  on  the  water-bath  for 
an  hour,  or  as  much  longer  as  may  be  convenient,  add 
100  c.c.  of  water,  and  then  pass  a  slow  current  of  chlo- 
rine into  the  liquid.  The  sulphur  is  thus  oxidised  to 
sulphuric  acid,  which  remains  in  solution  as  an  alkaline 
sulphate.  Filter,  acidify  the  alkaline  filtrate  with 
hydrochloric  acid,  but  carefully  avoid  adding  any 
great  excess.  The  clear  solution  is  now  boiled.  Weigh 
roughly  2-5  grams  of  barium  chloride,  dissolve  it  in 
boiling  water,  and  add  the  hot  solution  at  once  to  the 
beaker.     Barium  sulphate  is  immediately  precipitated, 


I 
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which  settles  down  very  rapidly.  The  liquid  should  be 
filtered  while  hot,  the  clear  liquid  being  decanted  from 
the  granular  precipitate.  A  washing  bottle  containing 
boiling  water  should  be  ready,  and  sufl&cient  for  a  good 
washing  be  immediately  poured  upon  the  precipitate; 
a  drop  or  two  of  dilute  hydrochloric  acid  is  added,  the 
liquid  is  boiled  for  a  few  moments,  and  decanted  on  to 
the  filter  after  standing  for  about  two  minutes.  The 
addition  of  boiling  water,  but  without  hydrochloric  acid, 
and  then  boiling  and  decanting,  is  repeated  two  or  three 
times.  The  precipitate  is  then  transferred  to  the  filter, 
washed  a  few  times,  the  filtrate  tested  until  found  to  be 
neutral,  and  to  give  no  residue  when  a  drop  is  evaporated 
on  a  watch-glass.  The  precipitate  is  dried,  removed 
from  the  paper  to  the  platinum  crucible,  the  filter  burnt 
separately  on  a  platinum  wire,  the  whole  ignited,  the  cru- 
cible being  inclined,  allowed  to  cool  in  a  desiccator,  and 
weighed  (see  9,  J^otes  (2)  and  (3),  p.  55).    Calculate  as  S. 

Notes, — (1.)  Unless  the  substance  be  reduced  to  a 
very  fine  powder,  particles  of  quartz,  pyrites, 
or  cupric  oxide  may  cause  a  tumultuous  evolu- 
tion of  oxygen  when  chlorine  is  passed  into  the 
alkaline  solution.  This  will  occur  by  reason  of 
the  hypochlorite  at  first  formed  being  decom- 
posed. Such  a  reaction  would  prevent  the 
complete  oxidation  of  the  sulphur. 
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(2.)  Most  of  the  metals  are  precipitated  as  oxides, 
lead  as  peroxide,  and  if  iron  be  present  it  is 
thrown  down  as  ferric  hydrate.  If  the  passage 
of  the  stream  of  chlorine  is  continued  too  long, 
the  formation  of  potassium  ferrate  is  indicated 
by  the  liquid  acquiring  a  red  tint.  The  liquid 
is  removed  from  the  chlorine  apparatus  and 
gently  heated  with  powdered  quartz  until  the 
ferrate  is  decomposed. 

(3.)  Though  the  sulphur  is  generally  in  combination 
with  the  metals  as  sulphides,  sometimes  sulphates 
are  also  present,  and  these  should  be  estimated 
separately  and  reckoned  as  such  by  treating 
the  mineral  with  hydrochloric  acid,  evaporating 
to  dryness  and  filtering  from  gangue  and  silica. 
The  sulphuric  acid  is  estimated  in  the  filtrate 
in  the  manner  directed  in  9,  p.  51,  and  calcu- 
lated as  SOg.  The  metal  in  combination  must 
be  reckoned  as  oxide. 

Extraction  of  Sulphur  by  Fusion.  — (J)  This 
method  is  applicable  only  when  no  lead  is  present. 
The  mineral,  finely  powdered,  is  mixed  with  about  6 
parts  of  pure  sodium  carbonate,  free  from  sulphate 
more  particularly,  and  4  parts  of  potassium  nitrate, 
in  a  porcelain  crucible.  Heat  is  applied  very  gently 
at  first,  and  finally  raised  to  fusion  over  a  blast -lamp. 
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and  maintained  at  this  high  temperature  for  some  time. 
The  fused  mass  is  allowed  to  cool  slowly,  extracted  with 
water,  filtered,  and  the  residue  washed  with  hot  water. 
The  filtrate  may  be  suitably  diluted,  acidified  with  hydro- 
chloric acid,  and  boiled.  The  sulphuric  acid  is  precipitated 
from  the  hot  solution  by  the  method  and  in  the  manner 
already  described  (see  9,  p.  51).     Calculate  as  S. 

Estimation  of  the  Metals. — About  2  grams  of  the 
finely  powdered  mineral  are  placed  in  a  fairly  capacious 
beaker  covered  with  a  dial-glass.  A  conical  beaker-flask, 
closed  with  a  funnel,  answers  best.  If  there  are  carbon- 
ates present  a  little  water  may  be  added,  and  then 
gradually  5  c.c.  fuming  hydrochloric  acid  is  poured  from 
a  measure.  When  all  efiervescence  has  ceased,  add  most 
of  the  remainder,  about  20  c.c.  of  the  hydrochloric  acid, 
place  on  a  sand-bath,  and  continue  to  heat  as,  long  as 
sulphuretted  hydrogen  is  evolved.  Finally,  concentrate 
the  liquid,  and  add  fuming  hydrochloric  acid  with  four 
times  its  volume  of  nitric  acid  (sp.  gr.  1  -4),  about  20  c.c. 
altogether;  the  flask  is  transferred  to  the  water -bath, 
which  must  be  placed  in  a  good  draught  chamber. 
The  whole  is  now  evaporated  to  dryness  on  the  water- 
bath,  or  at  a  low  temperature  on  a  sand-bath,  strong 
hydrochloric  acid  is  added  to  moisten  the  salts,  and 
evaporation  is  again  employed  in  order  to  decom- 
pose the  nitric  acid.  Now  add  5  c.c.  of  pure  con- 
centrated   oil    of    vitriol    (sp.   gr.    1*80)   diluted  with 
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10  C.C.  of  water,  and  heat  on  a  sand-bath  until  the 
hydrochloric  and  nitric  acid  are  expelled.  This  volume 
should  contain  8*64  grams  of  HgSO^.  Dilute  to  50  c.c. 
and  filter.  Wash  the  residue  with  water  containing  a 
little  sulphuric  acid,  and  then  with  purified  methylated 
spirit,  collecting  the  spirituous  washings  separately. 
The  washed  residue  is  dried,  separated  from  the  filter, 
transferred  to  a  porcelain  crucible,  the  filter  burnt,  and 
the  whole  weighed.  This  portion  consists  of  silica, 
gangue  undecomposed  by  acids,  and  lead  sulphate. 
Heat  the  residue  in  a  small  beaker  or  in  the  crucible 
itself  if  it  be  large  enough,  with  a  solution  of  ammonium 
acetate  and  caustic  ammonia,  filter  by  decantation 
through  a  very  small  filter,  repeat  the  process  three 
or  four  times  till  nothing  further  is  extracted,  dry  the 
filter,  burn  it  in  the  crucible,  and  weigh  agaia  The 
loss  is  lead  sulphate. 

Estimation  of  Copper. — Mix  the  solution  of  the 
sulphates  with  hydrochloric  acid  of  sp.  gr.  Tl,  adding 
40  c.c.  to  every  100  c.c.  of  liquid.  Pass  sulphuretted 
hydrogen  into  the  liquid  largely  in  excess  of  satura- 
tion, filter  before  the  excess  of  the  gas  has  had  time  to 
escape  or  become  decomposed,  keep  the  funnel  covered 
■with  a  glass  plate,  wash  with  hydrochloric  acid  saturated 
with  sulphuretted  hydrogen,  then  wash  with  sulphur- 
etted hydrogen  water.  If  the  quantity  of  copper  is 
small,   dry,  and  ignite  with  the  filter  in  a  porcelain 
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crucible,  mix  with  a  little  pure  sulphur,  and  heat  in  a 
current  of  hydrogen  or  coal-gas  in  the  covered  crucible. 
Cool  and  weigh  as  Cn^S.  In  every  case  after  the  first 
filtration  sulphuretted  hydrogen  should  be  again  passed 
through  the  liquid  in  order  to  see  whether  any  further 
precipitation  may  occur. 

Estimation  of  Iron  and  Zinc— (c)  The  filtrate 
from  the  precipitate  of  copper  sulphide  is  boiled  in  a 
wide-mouthed  flask  for  a  long  time  to  expel  sulphuretted 
hydrogen  and  as  much  hydrochloric  acid  as  can  be  re- 
moved by  this  process.  A  flask  with  a  round  bottom, 
placed  so  that  the  neck  is  inclined  at  an  angle  of  45°, 
answers  this  purpose  best  Before  proceeding  further, 
first  convert  the  salts  into  acetates  by  removing  all  the 
sulphuric  acid  by  means  of  barium  acetate.  Take  20  to 
21  grams  of  dried  pure  barium  carbonate  and  dissolve  in 
acetic  acid — an  excess  of  acid  is  of  no  consequence — boil 
this  solution  and  add  it  to  the  boiling  liquid  containing 
zinc  and  iron.  The  quantity  actually  necessary  to  pre- 
cipitate 8-64  grams  of  H2SO4  is  20*14  BaCOg.  Filter  off 
the  barium  sulphate  on  a  folded  filter  and  add  am- 
monium acetate  in  excess  to  convert  all  the  chlorides 
into  acetates,  add  acetic  acid  until  a  strongly  acid  re- 
action is  observed  with  litmus -paper.  Allow  to  cool, 
and  pass  a  current  of  sulphuretted  hydrogen  through 
the  liquid.  Zinc  is  thus  precipitated  as  sulphide.  Dur- 
ing filtration  the  funnel  should  be  covered  with  a  glass 


186  QUANTITATIVE  ANALYSIS  40 

plate  in  order  to  prevent  too  free  access  of  air.  The 
precipitate  is  washed  with  sulphuretted  hydrogen  water, 
dried  on  the  filter,  transferred  to  a  porcelain  crucible, 
the  filter  burnt  on  a  platinum  wire,  the  ash  added  to 
the  crucible,  and  the  whole  sprinkled  with  powdered 
sulphur.  The  crucible  is  covered,  a  moderate  stream  of 
dry  hydrogen  or  coal-gas  is  passed  through,  and  a  gentle 
heat  applied ;  after  a  short  interval  the  temperature  is 
raised  to  redness ;  finally  the  lamp  is  removed,  the  cur- 
rent of  gas  is  continued  until  the  crucible  is  cooled ;  it 
is  transferred  then  to  a  desiccator,  and  subsequently 
weighed  as  ZnS. 

The  filtrate  is  boiled  with  sufficient  bromine  water 
to  peroxidise  the  iron,  allowed  to  cool,  neutralised  with 
ammonium  carbonate  until  of  a  deep  red  colour  from  the 
production  of  a  basic  ferric  salt  in  the  solution,  boiled, 
and  filtered  hot.  The  filtrate  should  be  colourless ;  but 
if  iron  remains  in  solution  allow  the  liquid  to  cool,  add  a 
little  more  ammonium  carbonate  till  nearly  neutral,  boil 
again,  and  filter.  The  precipitate  is  dried,  ignited,  and 
weighed  as  FcgOg. 

If  manganese  be  present  it  may  be  precipitated  as 
manganic  hydrate  by  boiling  with  about  2  c.c.  of  bromine 
and  adding  an  excess  of  strong  ammonia.  Allow  to  stand 
for  an  hour,  digest  on  the  water- bath,  finally  boil  and 
filter.  Bum  the  dried  precipitate  and  filter  in  a  platinum 
or  porcelain  crucible,  and  weigh  as  Mn304. 
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Another  Method  for  Estimating  Iron  and  Zinc. 

Iron. — (d)  Take  the  filtrate  from  the  copper  sulphide, 
boil  off  the  sulphuretted  hydrogen,  add  a  few  drops  of 
nitric  acid  or  of  bromine  water,  and  boil  to  peroxidise 
the  iron.  The  liquid  is  strongly  acid ;  therefore  neutral- 
ise with  ammonium  carbonate  until  a  reddish-brown 
precipitate  begins  to  make  its  appearance,  and  the  liquid 
exhibits  a  brownish-red  colour.  To  this  warm  solution 
a  perfectly  neutral  solution  of  ammonium  succinate  is 
added,  which  throws  down  the  iron  as  a  ferric  succinate ;  a 
gentle  heat  is  then  applied,  and  the  liquid  allowed  to  cool. 
When  perfectly  cold  the  solution  is  filtered  and  the  pre- 
cipitate washed  with  cold  water  and  afterwards  with  am- 
moniacal  water  to  free  it  from  a  portion  of  the  succinic  acid. 
This  imparts  a  darker  colour  to  the  precipitate.  The  pre- 
cipitate is  then  dried,  transferred  to  a  crucible,  the  filter- 
paper  added,  ignited,  cooled,  and  weighed  as  FcgOg. 

Zinc. — (e)  The  filtrate  containing  the  zinc  is  fairly 
diluted  with  water  so  as  to  make  up  a  volume  approach- 
ing a  litre.  No  ammonium  chloride  need  be  added,  since 
the  neutralisation  of  the  strongly  acid  solution  with 
ammonium  carbonate  has  yielded  abundance.  Ammonia 
is  added  until  the  liquid  is  alkaline ;  it  is  then  boiled,  and 
the  zinc  precipitated  with  sulphide  of  ammonium,  which 
must  not  be  more  than  slightly  yellow. 
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Old  preparations  containing  much  ammonium  poly- 
sulphide  should  not  be  used.  The  ammonium  sulphide 
should  be  added  in  no  greater  excess  than  is  necessary 
to  just  precipitate  the  whole  of  the  zinc  as  ZnS.  Con- 
tinued boihng  causes  the  precipitate  to  become  granular, 
and  so  renders  it  easy  to  filter.  When  the  flask  has 
been  allowed  to  stand  in  a  warm  place  till  the  zinc  sul- 
phide has  settled,  some  of  the  clear  supernatant  liquid 
is  tested  with  ammonium  sulphide.  The  liquid  should 
be  filtered  while  hot,  for  in  this  way  filtration  is  much 
facilitated.  The  washing  is  carried  out  with  a  dilute 
solution  of  ammonium  sulphide  and  chloride,  observing 
the  precautions  already  mentioned  (38,  p.  168). 

Treat  as  directed  on  p.  186,  and  weigh  as  ZnS. 

Example. — Blende  containing  no  lead  was  treated  by 
fusion  for  sulphur. 

Taken  for  the  estimation  of  sulphur,  0*2577  grams. 
„  „         of  metals,  1  '0582      „ 


Per  cent. 

Zinc     . 

59-662 

Sulphur 

31-682 

Silica    . 

5-859 

Copper 

0-090 

Iron 

2-665 

99-958 
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41.  GALENA. 

This  mineral  is  essentially  lead  sulphide,  but  it  con- 
tains more  or  less  iron,  copper,  silver,  and  less  frequently 
antimony.  Blende  is  also  associated  with  galena.  More 
or  less  gangue  insoluble  in  acids  is  present. 

The  analysis  is  conducted  differently,  according  to  the 
absence  or  presence  of  antimony  in  the  ore. 

Galena  free  from  Antimony. 

Lead. — Oxidise  from  1  to  2  grams  of  the  very  finely- 
powdered  mineral  with  highly  concentrated  fuming 
nitric  acid,  free  from  chlorine  and  sulphuric  acid,  using 
for  the  purpose  a  large  flask  covered  with  a  watch-glass. 
If  the  acid  is  of  sufficient  strength  all  the  sulphur  will 
be  oxidised  to  sulphuric  acid.  Warm  gently  for  a  long 
time,  and  add  3  or  4  c.c.  of  pure  oil  of  vitriol  previously 
diluted  with  12  c.c.  of  water,  and  heat  on  asbestos  card- 
board or  a  sand-bath  till  all  the  nitric  acid  has  been  ex- 
pelled. Dilute,  filter,  and  wash  the  residue  with  water 
containing  sulphuric  acid,  and  finally  displace  this  with 
alcohol,  taking  care  that  the  alcoholic  washings  do  not 
run  into  the  main  portion  of  the  filtrate.  Dry  the 
residue  on  the  filter,  ignite,  and  weigh.  Previous  to 
ignition   in   a  porcelain    crucible^   the  precipitate  must 
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be  carefully  removed  from  the  filter -paper  and  trans- 
ferred to  the  crucible;  cover  it  and  ignite  strongly 
iiith  only  the  tip  of  the  flame  of  a  Bunsen  turner.  Wrap 
the  filter -paper  with  the  soiled  portion  inside,  bind 
it  up  with  platinum  wire  and  burn,  letting  the  ash  fall 
on  to  the  inverted  lid  of  the  crucible ;  treat  the  ash  with 
a  drop  of  strong  nitric  acid  and  warm,  add  a  drop  of 
sulphuric  acid,  heat  more  strongly,  finally  ignite  and 
weigh.  These  precautions  are  intended  to  prevent  the 
reduction  of  any  of  the  lead  sulphate  by  the  gases  from 
the  burner  or  by  the  filter-paper. 

Gangue.  —  Remove  the  lead  sulphate  from  the 
crucible  to  a  beaker,  and  pour  upon  it  some  ammonium 
acetate  rendered  strongly  alkaline  with  ammonia,  and 
warm. 

Decant  the  solution  of  lead  sulphate  in  ammonium 
acetate  on  to  a  filter,  and  treat  the  residue  again  until 
nothing  further  is  extracted,  wash  with  water,  then  dry, 
ignite,  and  weigh  the  residue.  The  first  weight  minus 
the  second  gives  the  lead  as  sulphate.  Calculate  the 
lead  as  Pb. 

Silver. — The  filtrate,  which  contains  sulphuric  acid 
and  metals  such  as  silver,  copper,  iron,  and  zinc,  now 
separated  from  the  lead,  is  treated  as  follows : — 

Add  a  little  hydrochloric  acid  to  precipitate  silver  if 
present,  keep  the  liquid  in  a  warm  place  for  some  two 
or  three  hours  for  the  silver  chloride  to  collect.     Filter 
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through  a  small  filter,  and  wash  the  silver  chloride  with 
water  acidulated  with  nitric  acid,  afterwards  with  pure 
water.  Dry  and  transfer  the  precipitate  to  a  small 
porcelain  crucible ;  gently  ignite  till  the  silver  chloride 
commences  to  fuse,  and  burn  the  filter -paper.  Touch 
the  ash,  which  is  either  in  the  crucible  or  on  the  inside 
of  the  lid,  with  a  drop  of  nitric  acid,  warm,  add  a  drop 
of  hydrochloric  acid,  gently  heat  to  drive  off  the  water, 
gently  ignite  and  weigh  as  AgCL     Calculate  as  Ag. 

Copper. — The  filtrate  after  separation  of  the  silver 
is  precipitated  by  a  stream  of  sulphuretted  hydrogen, 
the  copper  sulphide  filtered  off"  and  washed  with  sul- 
phuretted hydrogen  water,  then  dried,  transferred  to 
a  crucible,  the  filter  burnt,  and  the  copper  sulphide 
heated  with  sulphur  in  a  current  of  coal-gas  and  weighed 
as  CUgS. 

Iron, — The  filtrate  from  the  copper  is  boiled  to  expel 
the  last  traces  of  sulphuretted  hydrogen,  and  concentrated 
by  evaporation.  Oxidise  by  boiling  with  a  drop  or  two 
of  nitric  acid,  add  ammonium  chloride  rather  freely,  and 
precipitate  ferric  hydrate  and  alumina  with  excess  of 
ammonia.  Dissolve  the  precipitate  in  hydrochloric  acid, 
and  once  more  treat  in  the  same  way.  Filter,  and  if 
the  precipitate  is  small,  moisten  the  filter  with  a  saturated 
solution  of  ammonium  nitrate,  ignite  the  filter  and  pre- 
cipitate together  in  a  crucible.     Calculate  as  Fe. 

Zinc. — The  alkaline  filtrate  from  the  iron  and  alumina 
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is  rendered  neutral  by  the  proper  addition  of  hydro- 
chloric acid  or  acetic  acid,  and  then  boiled.  To  the  boil- 
ing liquid  ammonium  sulphide  is  added,  a  large  excess 
being  avoided.  The  liquid  is  again  boiled  for  twenty 
minutes;  the  precipitate  thus  becomes  granular  and  settles 
down  readily.  The  clear  liquid  is  to  be  treated  with  a 
drop  of  ammonium  sulphide  to  make  sure  of  the  com- 
plete separation  of  the  zinc,  and  the  sulphide  is  washed 
with  hot  water.  The  washing  is  easily  and  rapidly 
performed.  The  zinc  sulphide  is  next  partially  dried 
in  the  filter,  transferred  to  a  porcelain  crucible  and 
ignited,  at  first  gently  and  afterwards  strongly  with  free 
access  of  air.  The  expulsion  of  the  last  traces  of  sul- 
phur as  sulphur  dioxide  is  much  facilitated  by  dropping 
fragments  of  ammonium  carbonate  into  the  crucible. 
Pure  zinc  oxide  remains,  which  should  be  ignited  until 
its  weight  is  constant. 

Or,  instead  of  prolonged  igniting,  by  which  the  ZnS 
is  converted  into  ZnSO^  and  afterwards  decomposed, 
leaving  a  residue  of  ZnO,  the  zinc  sulphide  may  be 
mixed  with  sulphur,  heated  in  a  current  of  a  coal-gas, 
and  weighed  as  ZnS  (40,  p.  186).     Calculate  as  Zn. 

Sulphur. — For  the  estimation  of  sulphur  a  separate 
portion  of  the  mineral  is  weighed  out  and  treated  accord- 
ing to  the  method  generally  applicable  to  sulphides  (40, 
p.  180). 
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Galena  containing  Antimony. 

About  1  gram  of  the  mineral  reduced  to  the  finest 
powder  is  dissolved  by  heating  in  an  evaporating  basin 
with  strong  hydrochloric  acid,  the  liquid  being  prevented 
from  loss  by  an  inverted  funnel,  which  allows  of  the 
escape  of  sulphuretted  hydrogen  only. 

After  complete  solution  of  the  sulphide  the  liquid  is 
decanted  into  a  beaker,  boiled  with  water,  and  filtered 
while  hot  to  prevent  the  separation  of  crystals  of  lead 
chloride.  The  residue  in  the  evaporating  dish  is  then 
boiled  ^vith  water  and  decanted  on  to  a  filter ;  this  is 
repeated  if  necessary ;  finally,  everything  is  transferred 
to  the  filter  and  washed  with  boiling  water  till  no  lead 
can  be  detected  in  the  filtrate.  The  small  residue  is 
burnt  with  the  filter  in  a  crucible  and  weighed. 

Lead. — The  filtered  liquid  is  warmed  to  retain  all 
the  lead  chloride  in  solution,  and  the  greater  part  of  the 
lead  is  precipitated  by  the  addition  of  sulphuric  acid, 
and  put  aside  to  settle.  The  liquid  is  decanted  through 
a  filter,  the  lead  sulphate  is  filtered  and  washed  with 
water  somewhat  strongly  acidified  with  sulphuric  acid. 
Then  proceed  as  directed  on  p.  189. 

The  acid  and  aqueous  portions  of  the  filtrate,  which 
contain  lead,  antimony,  zinc,  and  iron  as  chlorides 
and  sulphates,  are  treated  with  sulphuretted  hydrogen 
and  filtered.     Dilute  a  small  portion  of  the  filtrate  with 

o 
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an  equal  volume  of  water,  and  again  pass  the  gas  through 
it.  If  there  be  a  further  precipitation,  treat  the  whole 
of  the  filtrate  in  the  same  way.  Wash  with  water  twice 
or  thrice,  and  filter  off  the  lead  and  antimony  sulphides ; 
wash  them  into  a  beaker  or  evaporating  basin,  and  digest 
with  yellow  ammonium  sulphide  on  the  water -bath  for 
some  time,  the  beaker  or  dish  being  covered  with  a  glass 
plate.  Pour  off  the  liquid  and  digest  the  residue  again. 
Filter — the  filtrate  contains  the  antimony. 

Antimony. — The  solution  is  mixed  with  an  excess 
of  dilute  hydrochloric  acid  and  boiled  for  twenty 
minutes,  while  a  current  of  sulphuretted  hydrogen  is 
passed  through  the  liquid  ;  the  precipitate  is  filtered  off, 
some  tartaric  acid  is  dissolved  in  the  liquid,  and,  after  a 
further  addition  of  water,  the  liquid  is  boiled  again,  the 
gas  being  passed  through  continuously.  By  this  treat- 
ment the  voluminous  antimony  sulphide  becomes  a  dense 
granular  powder,  without  suffering  loss.  In  this  con- 
dition it  can  be  filtered  and  washed  with  great  facility. 
It  is  transferred  to  a  porcelain  crucible,  the  filter  burnt 
and  added  thereto ;  one  or  two  crystals  of  sulphur  are 
put  on  to  the  precipitate,  and  it  is  ignited  in  a  current 
of  coal-gas  and  weighed  as  SbgSg. 

Iron  and  Zinc. — These  metals  are  separated  in  the 
manner  already  described  (41,  p.  191)  from  the  filtrate 
which  ran  from  the  precipitate  of  lead  and  antimony 
sulphides. 
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Note. — If  copper  be  present,  the  digestion  of  the 
sulphuretted  hydrogen  precipitate  must  be  made 
with  sodium  sulphide  containing  some  dissolved 
sulphur  instead  of  with  ammonium  sulphide,, 
since  this  latter  dissolves  small  quantities  of 
copper  sulphide. 

42.  SILICATES. 

Siliceous  minerals  are  generally  termed  soluble  or 
insoluble  silicates,  according  as  they  are  dissolved  or 
not  by  treatment  with  strong  hydrochloric  acid. 

Soluble  Silicates, — Such  silicates  as  are  soluble  in 
acids,  and  some  which  dissolve  even  in  water,  are  sus- 
ceptible of  very  simple  treatment  in  order  to  separate 
the  silicic  acid  and  convert  the  bases  into  chlorides. 

It  suffices  to  acidify  a  solution  with  hydrochloric 
acid,  evaporate  down  to  dryness  in  a  porcelain  dish 
upon  the  water-bath,  and  treat  two  or  three  times  with 
water  and  acid,  on  each  occasion  evaporating  to  dryness. 

The  soluble  silicic  acid  is  then  converted  into  an  in- 
soluble modification.  It  may  be  separated  from  the 
bases  which  have  been  converted  into  chlorides  by 
dissolving  in  water  and  filtering  off  the  silica. 

It  is  always  necessary  to  test  the  p^irity  of  the 
silica  by  ascertaining  its  solubility  in  a  concentrated 
hot  solution  of  sodium  carbonate. 
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Insoluble  Silicates, — The  silicates  of  the  alkalies 
form  a  glass  which  is  soluble  in  water  and  in  dilute 
acids.  By  fusion  with  alkaline  carbonates  an  insoluble 
may  be  converted  into  a  soluble  silicate,  and  the  above 
treatment  may  be  applied  to  it.  This  method  is  very 
generally  applicable  for  the  separation  and  estimation  of 
silica,  and  all  bases  excepting  the  alkalies.  The  separa- 
tion of  alkalies  must  be  the  subject  of  a  distinct  process. 

These  processes  may  be  enumerated  as  follows  : — 

(a)  Treatment  with  lime   and  calcium    chloride, 

which  result  from  the  decomposition,  in 
presence  of  the  mineral,  of  calcium  carbon- 
ate and  ammonium  chloride  at  a  high  tem- 
perature. 

(b)  Treatment  with  an  aqueous  solution  of  hydro- 

fluoric acid  and  sulphuric  acid.  It  is  neces- 
sary to  employ  a  very  strong  solution  of 
hydrofluoric  acid. 

(c)  Treatment  with  gaseous   hydrofluoric  acid  in 

a  leaden  box,  the  mineral  being  finely 
powdered  and  moistened  with  dilute  sul- 
phuric acid. 

(d)  Fusion  with  barium  hydrate  at  a  high  tempera- 

ture or  barium  carbonate,  or  with  a  mixture 
of  barium  carbonate  and  barium  chloride. 

(e)  Sintering  or  incipient  fusion  of  the  mineral 

with  bismuth  oxide. 
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It  is  obvious  that  the  treatment  "w^th  hydrofluoric 
acid  is  advantageous  in  admitting  of  all  the  bases  being 
estimated  in  one  weighed  sample  of  the  mineral;  but 
highly  aluminous  minerals,  such  as,  for  instance,  kyanite, 
are  not  easily  attacked. 

The  Selection  of  Specimens. 

Very  definite  and  homogeneous  specimens  should  be 
taken  for  analysis.  Selected  crystals  are  to  be  preferred, 
from  which  all  gangue  or  matrix  has  been  picked.  They 
should,  as  far  as  possible,  be  not  only  similar  in  form 
but  in  colour,  transparency  or  translucency,  and  hard- 
ness. Crystals  which  have  "weathered"  may  have 
quite  a  different  composition.  If  small,  the  sorting  of 
crystals  may  be  much  facilitated  by  the  use  of  a  pair  of 
forceps  and  a  good  magnifying  lens. 

The  following  substances  may  be  taken  for  analysis : — 

Glass. — Crown  glass.     Flint  glass. 

Felspaxs— 

Orthoclase,  AlgOg'SSiOo'K.p-SSiOa. 
Albite,  AlgOa-aSiOgNagO-aSiOg. 
Petalite,  4Al203-6Si02Na20-2Li20-6Si02. 

Garnets  of  variable  composition  represented  by  the 
formula  GR"0-3Si02-2R"'203-3Si02;  where  R"  =  Mg,  Ca, 
or  Fe",  and  R'"  =  Al'",  Fe'"  or  Cr'".  RoOg  is  generally 
alumina. 
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Beryl— SBeO-AlgOg -68102. 

Estimation  of  Water. — The  mineral  is  pulverised, 
and  without  loss  of  time  transferred  to  a  weighed 
platinum  crucible,  covered,  weighed  again,  and  ignited 
for  five  minutes.  When  there  is  no  risk  of  loss  from 
decrepitation  or  violent  expulsion  of  water-vapour,  the 
crucible  is  uncovered  and  inclined,  heated  again,  allowed 
to  cool,  and  weighed,  the  operation  being  repeated  until 
the  weight  is  proved  to  be  constant ;  the  loss  of  weight 
is  due  to  expelled  water.  After  drying  in  the  manner 
described  the  mineral  may  be  further  reduced  to  an 
impalpable  powder  by  trituration  in  an  agate  mortar, 
carefully  sifting,  and  triturating  again ;  it  may  then  be 
transferred  to  a  tube,  from  which  a  portion  is  to  be 
taken  for  further  examination. 

Fusion. — About  1  gram  is  weighed  in  a  platinum 
crucible  and  most  intimately  mixed  with  not  less  than 
6  grams  of  equal  proportions  of  perfectly  pure  anhydrous 
potassium  and  sodium  carbonates.  The  mineral  is  mixed 
by  stirring,  with  a  rounded  glass-rod,  small  portions  of 
the  carbonates  which  are  added  to  the  crucible  from  a 
weighed  portion  contained  in  a  watch-glass  or  on  a  card. 
Before  adding  the  last  portion  the  glass  rod  is  tapped 
gently  on  the  side  of  the  crucible  to  detach  adhering 
particles,  and  wiped  upon  the  carbonate  which  remains, 
which  is  then  put  into  the  crucible.  It  is  necessary 
before  heating  to  bear  in  mind  that  much  carbon  dioxide 
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will  escape,  and  that  this  may  cause  loss  by  spirting 
unless  the  following  precautions  are  taken.  The  crucible 
must  be  large  enough  to  hold  at  least  two  or  three 
times  the  material  to  be  heated.  The  heat  applied  at 
first  must  be  moderate.  The  crucible  must  be  covered, 
and  the  lid  must  be  easily  removable,  in  order  that  the 
progress  of  the  fusion  may  be  watched.  As  soon  as  it 
is  seen  that  the  mineral  and  the  carbonates  have  com- 
menced to  react,  and  that  a  semi-fusion  has  occurred, 
the  temperature  must  be  greatly  increased  until  a  tran- 
quil fusion  results.  The  crucible  must  be  placed  on  a 
triangle  of  stout  platinum  wire,  capable  of  bearing  the 
weight  of  the  crucible  at  the  highest  temperature  with- 
out bending  sufficiently  to  allow  of  it  falling  through, 
or  it  may  be  placed  on  a  clay  triangle,  which  is  perfectly 
sound  and  not  likely  to  give  way.  The  heating  is 
effected  by  means  of  a  blast-lamp  or  gas  blow-pipe. 
The  fusion  ended,  remove  the  crucible  with  tongs  and 
place  it  while  red-hot  on  a  massive  piece  of  polished 
iron,  such  as  an  anvil  or  the  smooth  surface  of  a  large 
flat  iron.  The  crucible  is  thus  chilled,  and  the  glass 
within  separates  easily  from  the  metal.  The  fused 
mass,  if  it  has  come  clean  away  from  the  platinum,  is 
placed  in  a  beaker  of  250  c.c.  capacity  and  about  100  c.c. 
of  water  are  poured  into  it.  If  anything  has  adhered  to 
the  inside,  the  crucible  may  itself  be  transferred  to  the 
beaker.     The  beaker  must  be  covered  with  a  clock-glass, 
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the  concave  side  downwards,  and  then  little  by  little 
hydrochloric  acid  may  be  added  to  the  covered  beaker ; 
when  all  effervescence  has  ceased  and  an  excess  of  acid 
has  been  added,  the  drops  of  moisture  on  the  clock-glass 
must  be  rinsed  into  the  beaker.  The  crucible  should  be 
removed  to  an  evaporating  basin  thoroughly  rinsed  with 
dilute  hydrochloric  acid,  and  the  rinsings  added  to  the 
beaker ;  it  may  then  be  washed  with  the  washing  bottle 
and  the  washings  added  thereto. 

The  beaker  is  heated  on  the  water -bath  for  some 
time  in  order  to  free  the  liquid  from  carbonic  acid  and 
dissolve  all  the  chlorides  which  have  been  formed.  At 
this  stage  one  can  generally  tell  whether  the  fusion  has 
been  successful,  for  if  there  are  any  particles  of  the 
mineral  remaining  undecomposed  they  will  be  detected 
by  the  gritty  feeling  when  a  rounded  glass  rod  is  drawn 
across  the  bottom  of  the  beaker. 

Separation  of  the  Silica. — The  solution  mixed 
with  silica  which  has  separated  is  evaporated  to  dryness 
on  the  water-bath  in  a  porcelain  dish  about  5  inches  in 
diameter.  When  much  of  the  acid  has  been  expelled 
and  the  contents  of  the  dish  are  in  a  pasty  condition, 
they  should  be  carefully  stirred  with  a  rounded  glass- 
rod — lumps  should  be  broken  up ;  a  little  boiling  water 
may  be  added  to  moisten  the  salts,  and  the  evaporation 
after  this  addition  is  carried  to  complete  dryness.  Should 
there  be  a  difficulty  in  attaining  perfect  dryness  on  the 
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water-bath,  the  dish  is  transferred  to  a  tripod  stand  at 
least  a  foot  in  height,  and  heated  gently  by  means  of  a 
flat  gas  burner  giving  a  number  of  small  and  low  flames 
spread  over  a  large  surface.  In  this  manner  the  salts 
cannot  easily  be  overheated.  On  no  account  heat  over  an 
ordinary  Bunsen,  for  if  the  porcelain  dish  be  overheated 
at  any  point  the  silica  might  recombine  with  some  of  the 
bases  from  which  it  has  been  separated.  After  evapora- 
tion to  dryness  allow  the  dish  to  cool,  and  moisten  the 
contents  with  hydrochloric  acid,  so  that  the  mixture  is 
pasty,  then  add  a  little  more  acid,  allow  it  to  stand  for 
half  an  hour,  heat  on  the  water -bath,  add  hot  water, 
stir,  place  aside  until  the  silica  has  deposited,  and  decant 
the  solution  on  to  a  filter.  Repeat  the  process  a  second 
and  a  third  time,  and  continue  as  long  as  the  washings 
show  any  turbidity  with  silver  nitrate  solution,  transfer 
the  silica  to  the  filter,  wash  well  with  hot  water. 
Thoroughly  dry  the  silica  on  the  filter,  transfer  it  to 
a  weighed  platinum  crucible,  and  ignite  as  strongly  as 
possible  until  nothing  but  white  silica  is  left 

To  test  the  purity  of  the  dlica  it  should  be  heated  on 
the  water-bath  in  a  silver  dish  with  50  c.c.  of  a  saturated 
solution  of  sodium  carbonate  and  80  c.c.  of  water.  The 
solution  should  be  filtered  hot,  and  the  operation  should 
be  repeated.  If  all  does  not  dissolve,  the  clear  solution 
is  decanted  on  to  a  filter  and  the  residue  treated  with  a 
little  more  sodium  carbonate,  and  then  the  liquid  and 
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residue  are  transferred  to  an  ashless  filter.  It  is 
thoroughly  washed,  dried,  ignited,  and  weighed. 

If  the  siliceous  residue  is  gritty  and  like  minute  grains 
of  sand,  the  mineral  has  not  been  sufficiently  finely 
powdered  ;  the  residue  should  then  be  reduced  to  a  more 
finely  divided  state,  and  a  second  fusion  made. 

If  it  be  in  a  very  fine  powder  it  may  be  fused  again 
with  six  times  its  weight  of  the  mixed  carbonates,  pro- 
ceeding as  before.  The  two  fusions  should,  if  possible, 
be  analysed  separately,  for  it  remains  to  be  seen  whether 
they  are  derived  from  the  same  or  from  two  dififerent 
minerals. 

Separation  of  the  Bases, — The  entire  filtrate  and 
washings  from  the  silica  are  boiled,  and  a  current  of 
sulphuretted  hydrogen  is  passed  through  the  solution 
until  cold.  Metals  such  as  lead  and  copper  are  thus 
precipitated,  and  are  separated  by  filtration.  In  such 
a  manner  lead  is  separated  in  the  analysis  of  flint  glass, 
and  copper  from  garnets. 

Lead  may  be  estimated  by  oxidising  the  sulphide 
with  nitric  acid,  converting  it  entirely  into  sulphate  by 
addition  of  sulphuric  acid,  and  proceeding  as  directed  on 
p.  189.     Calculate  as  PbO. 

Copper  may  be  estimated  in  the  filtrate  from  the 
lead  sulphate  by  precipitating  with  sulphuretted  hydro- 
gen, and  after  ignition  mixing  the  precipitate  with 
sulphur  and  igniting   in   a  current   of    coal-gas,   the 
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cuprous  sulphide  being  weighed  and  regarded  as  CuO 
(see  38,  p.  169,  and  41,  p.  191). 

Separation  of  Iron  and  Alumina, — The  filtrate 
and  washings  after  the  separation  of  the  sulphides,  or 
where  no  metals  precipitable  by  sulphuretted  hydrogen 
are  present  after  filtration  from  the  silica,  are  boiled  for 
a  time,  and  then  a  few  drops  of  nitric  acid  are  added  to 
peroxidise  the  iron  salt.  Add  ammonium  chloride  and 
ammonia  in  slight  excess,  boil  the  liquid  a  second  time, 
allow  it  to  stand  till  clear,  decant,  filter  off  the  precipi- 
tate, and  wash  it  well  with  hot  water.  In  order  to  purify 
the  ferric  hydrate  from  lime  and  magnesia,  the  precipi- 
tate is  redissolved  and  reprecipitated  in  the  same  way. 
After  again  filtering,  the  first  and  second  filtrates  are 
mixed  and  put  aside  for  the  estimation  of  calcium  and 
magnesium.  To  estimate  the  iron,  hydrochloric  acid  is 
poured  upon  the  filter,  a  silver  dish  is  put  below  the 
funnel,  a  hole  is  made  in  the  apex  of  the  filter  with  a 
glass  rod,  and  all  traces  of  the  precipitate  are  washed  into 
the  dish.  The  filter  is  then  again  moistened  with  acid, 
and  thoroughly  washed  with  water.  A  concentrated 
solution  of  perfectly  pure  caustic  potash  or  caustic  soda 
(free  from  silica  and  alumina)  is  added  to  the  filtered 
liquid  in  large  excess  and  boiled.  The  iron  separates 
a  ferric  hydrate,  while  the  alumina  goes  into  solution  as 
an  alkaline  aluminate.  The  precipitate  formed  is  filtered 
off,  washed  thoroughly  with  boiling  distilled  water,  and, 
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in  order  to  purify  the  ferric  hydrate  from  alkali,  redis- 
solved  in  hydrochloric  acid  and  reprecipitated  by  addition 
of  an  excess  of  ammonia  and  subsequent  boiling.  The 
precipitate  is  filtered,  washed  with  boiling  water,  dried, 
ignited,  and  weighed  as  FcgOg.  The  iron  must  be 
calculated  as  FeO  or  FegOg,  according  to  whether  the 
presence  of  ferrous  or  ferric  oxide  has  been  proved  by 
the  qualitative  examination. 

Estimation  of  Alumina. — Boil  the  moderately  dilute 
solution  of  alumina  in  the  dish,  and  add  some  perfectly 
pure  crystallised  ammonium  chloride ;  boil,  and  add  more 
of  the  salt  until  ammonia  gas  is  no  longer  evolved  in 
sufficient  quantity  to  cause  turmeric  paper  to  become 
brown.  The  liquid  is  allowed  to  stand  until  it  can  be 
decanted  from  the  precipitate.  It  is  then  poured  on  to 
a  filter,  the  precipitate  washed  with  boiling  water,  stirred, 
allowed  to  settle,  decanted,  and  so  treated  for  a  third 
and  fourth  time.  Filter,  wash,  dry,  ignite,  and  weigh 
as  AI2O3. 

Calcium  and  Magnesium, — The  filtrate  from  the 
precipitate  produced  with  ammonium  chloride  and  am- 
monia is  concentrated  by  evaporation  ;  to  the  hot  solu- 
tion add  ammonium  oxalate  in  excess,  subsequently  a 
few  drops  of  ammonia  are  added ;  the  beaker -glass  is 
covered  and  set  aside  in  a  warm  place  until  next  day, 
when  it  will  be  found  that  the  precipitate  of  calcium 
oxalate  has  subsided.     Cautiously  decant  the  liquid  so 
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as  to  leave  the  precipitate  undisturbed,  wash  the  pre- 
cipitate two  or  three  times  by  decantation  with  hot 
water,  and  rinse  the  precipitate  into  the  filter  with 
small  quantities  of  hot  water,  waiting  until  all  the 
liquid  has  passed  through  the  filter  on  each  occasion 
before  adding  more  water.  Small  particles  of  oxalate 
adhering  to  the  glass  may  be  removed  by  a  feather  or  a 
glass  rod  tipped  with  india-rubber  tubing.  Should  it 
prove  impossible  to  remove  all  the  precipitate  in  this 
manner,  a  few  drops  of  very  dilute  hydrochloric  acid  are 
brought  over  every  part  of  the  beaker  with  a  glass  rod ; 
when  all  is  dissolved  ammonia  is  added  to  the  solution, 
in  order  to  reprecipitate  the  oxalate. 

Before  proceeding  to  filter  this  solution  remove  from 
beneath  the  funnel  the  beaker  containing  the  filtrate 
and  put  another  beaker  in  its  place.  The  small 
quantity  of  oxalate  may  now  be  transferred  to  the 
filter.  Wash  with  warm  water  until  1  c.c.  of  the 
liquid  gives  no  precipitate  with  calcium  chloride. 
Dry  the  precipitate  in  the  funnel,  remove  the  filter, 
detach  the  precipitate  as  completely  as  possible,  and 
transfer  it  to  a  weighed  platinum  crucible.  The  filter 
is  folded  up,  wrapped  round  with  platinum  wire, 
and  burnt  over  the  crucible,  into  which  the  ash  is 
allowed  to  fall.  The  ash  must  not  be  allowed  to  mix 
with  the  calcium  oxalate.  The  operation  may  now  be 
varied,  according  to  whether  the  lime  is  very  small  in 
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amount  or  fairly  large.  If  small,  heat  intensely  over 
a  blast-lamp  until  no  trace  of  greyness  caused  by  carbon 
is  observed  within  the  crucible,  cover  with  the  lid,  and 
weigh  as  caustic  lime.  Kepeat  this  until  a  constant 
weight  is  obtained. 

"When  the  calcium  oxalate  is  sufficiently  large  in 
amount  to  make  a  distinct  layer  over  the  bottom  of 
the  crucible  about  one  or  two  millimetres  in  depth, 
bum  the  precipitate  over  a  lamp  until  every  trace  of 
carbon  of  the  filter-ash  is  consumed.  This  should  con- 
vert the  calcium  oxalate  into  carbonate,  and  if  the  opera- 
tion be.  very  carefully  conducted,  a  change  will  be 
observed  in  the  precipitate  amounting  to  a  slight 
greyness  in  colour;  only  a  moderate  red -heat  is 
necessary.  If  the  heat  has  been  too  strong  at  any' 
point  the  calcium  carbonate  will  have  been  converted 
into  caustic  lime,  and  to  ascertain  whether  this  is  so,  the 
crucible  had  better  be  weighed  after  cooling  in  a  desic- 
cator and  the  precipitate  tested  as  follows.  Add  a  drop 
of  water  to  the  precipitate,  and  test  whether  it  has  an 
alkaline  reaction  by  touching  it  with  a  minute  slip  of 
turmeric  or  red  litmus  paper.  If  the  paper  becomes 
brown  or  blue,  rinse  it  with  a  drop  or  two  of  water, 
add  a  little  powdered  ammonium  carbonate,  and  evapo- 
rate on  the  water -bath  to  dryness.  Heat  the  crucible 
once  more,  at  first  gently,  then  for  five  to  ten  minutes 
more  strongly  and  uniformly,  so  that  a  dull  redness  is 
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seen  at  the  outside  of  the  crucible.  This  may  best  be 
done  by  an  Argand  or  Bunsen-Argand  burner.  If  an 
ordinary  Bunsen  be  used  it  should  be  moved  with  the 
hand,  so  that  the  flame  is  prevented  from  playing  long 
upon  one  place.  Weigh  after  cooling  in  a  desiccator. 
The  operation  should  be  repeated  until  the  weight  is 
constant.     The  substance  is  calcium  carbonate. 

Estimation  of  Magnesium.  —  The  filtrate  from 
calcium  oxalate  is  concentrated,  cooled,  and  mixed 
with  an  excess  of  ammonia.  Sodium  phosphate  is 
added  to  the  cold  solution ;  it  is  then  stirred  well 
with  a  glass  rod,  which  is  not  allowed  to  touch  or 
strike  the  sides  of  the  beaker,  and  the  liquid  is  set 
aside  for  twelve  hours.  The  clear  liquid  is  decanted 
on  to  a  filter  and  allowed  to  run  through  before  the 
precipitate  is  washed  on  to  the  filter  with  dilute  am- 
monia.^ It  is  advisable  to  proceed  very  carefully  with 
the  washing  of  the  precipitate,  not  adding  too  much 
liquid  at  a  time,  and  allowing  this  to  run  away  com- 
pletely before  adding  a  further  quantity.  When  silver 
nitrate  ceases  to  give  a  precipitate  if  added  to  1  c.c.  of 
the  liquid  acidified  with  nitric  acid,  the  washing  may  be 
discontinued  and  the  precipitate  dried.  The  dried  pre- 
cipitate detached  from  the  filter  is  transferred  to  a 
platinum  crucible,  which  is  covered  and  heated  very 
gently  for  some  time;  finally  the  temperature  is  in- 

^  One  volame  ammonia,  sp.  gr.  0  '96,  and  three  volumes  of  water. 
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creased  to  bright  redness  on  the  blast  -  lamp.  The 
filter  is  burnt  on  platinum  wire  and  the  ash  added 
to  the  contents  of  the  crucible ;  heat  is  then  applied 
until  the  ash  is  quite  white.  Cool  in  a  desiccator  and 
weigh  as  MggPgOy. 

Alkalies, — About  1 J  grams  of  the  mineral  in  an  im- 
palpable powder  are  mixed  with  IJ  grams  of  ammonium 
chloride  and  9  grams  of  a  special  preparation  of  pure 
calcium  carbonate.  The  mixture  must  be  made  in  a  pla- 
tinum crucible  with  all  the  care  observed  in  preparing  for 
fusion  with  alkaline  carbonates.  The  platinum  crucible  is 
imbedded  in  magnesia  contained  in  a  Hessian  crucible, 
which  is  heated  in  a  gas  furnace  for  an  hour.  The  fused 
mass  is  treated  with  water  and  boiled.  The  solution  is 
filtered,  the  residue  washed  thoroughly,  ammonium  car- 
bonate is  added  in  excess,  and  the  liquid  is  boiled.  The 
precipitate  is  composed  of  magnesium  and  calcium  car- 
bonates ;  it  is  washed  completely.  The  filtrate  should 
be  tested  by  adding  a  few  drops  of  ammonium  carbonate 
and  allowing  it  to  stand  for  some  time ;  if  there  is  no 
precipitate  the  liquid  may  be  evaporated  to  dryness  in 
a  platinum  basin  and  gently  heated,  but  not  to  redness. 
Now  dissolve  the  residue  in  water,  rinse  out  the  dish, 
and  observe  whether  the  solution  is  perfectly  clear ;  if 
so,  add  a  few  drops  of  ammonia  and  ammonium  car- 
bonate ;  if  a  precipitate  forms,  filter  the  liquid  into  the 
platinum  dish,  and  again  evaporate  and  heat  as  before. 
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The  residue  is  composed  of  alkaline  chlorides  ;  the  dish 
is  cooled  in  a  desiccator,  covered  with  a  film  of  mica, 
and  weighed.  It  may  then  be  gently  heated  again  and 
the  weighing  repeated. 

Estimation  of  Potassium. — The  chlorides  are  next 
dissolved  in  water,  transferred  to  a  porcelain  basin,  and 
mixed  with  an  excess  of  platinic  chloride,  containing  10 
grams  of  platinum  in  100  c.c.  The  solution  is  evaporated 
to  a  pasty  condition  on  the  water-bath,  with  frequent  stir- 
ring, in  order  to  get  rid  of  as  much  free  hydrochloric  acid  as 
possible.  Pure  methylated  spirit  of  95  per  cent  is  added, 
the  dish  is  covered  with  a  glass  plate  or  inverted  funnel, 
and  allowed  to  stand  for  a  few  hours  with  occasional 
stirring.  If  the  liquid  appears  of  a  deep  yellow  colour, 
sufficient  of  the  platinic  chloride  has  been  added  to  pre- 
cipitate all  the  potassium.  The  clear  and  strongly  yellow 
liquid  is  decanted  on  to  an  ashless  filter  (No.  589,  see  p.  1 1). 
The  residue  is  washed  with  methylated  spirit  by  decanta- 
tion,  and  is  then  minutely  examined  with  a  lens.  It 
should  consist  of  small  yellow  octahedral  crystals ;  any 
admixture  of  white  saline  particles  indicate  the  presence 
of  sodium  chloride  which  has  escaped  conversion  into  the 
platinic  sodium  chloride.  In  this  event  the  precipitate 
must  be  treated  with  water  till  all  the  sodium  chloride 
is  dissolved,  a  further  quantity  of  platinic  chloride  is 
added,  the  liquid  is  evaporated  nearly  to  dryness,  and 
the  examination  is  repeated.     The  residue,  consisting  of 

P 
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potassio-platinic  chloride,  is  then  washed  as  before,  and 
transferred  to  a  weighed  porcelain  crucible  by  means  of 
a  jet  of  alcohol  from  a  small  washing  bottle ;  the  alcohol 
is  removed  by  evaporation  on  the  water-bath. 

The  crucible  containing  the  dried  precipitate  is  now 
covered  and  heated  very  gently  for  a  considerable  time ; 
gradually  increase  the  temperature,  and  then  allow  the 
crucible  to  cool.  Kemove  the  lid,  place  the  crucible  on 
a  plate,  and  holding  the  dried  and  folded  filter-paper  by 
a  pair  of  steel  forceps  or  crucible  tongs,  it  is  set  on  fire. 
The  ash  falls  into  the  crucible ;  it  is  completely  calcined, 
and  then  there  is  added  a  minute  quantity  of  perfectly 
pure  oxalic  acid.  The  crucible  is  then  covered  and 
ignited,  at  first  gently,  afterwards  more  strongly.  The 
oxalic  acid  greatly  facilitates  the  decomposition  of  the 
potassio-platinic  chloride.  The  contents  of  the  crucible 
are  now  treated  with  water,  and  the  residue  of  platinum 
is  washed  until  the  washings  no  longer  cause  a  precipi- 
tate in  a  solution  of  silver  nitrate. 

The  platinum  is  ignited  and  weighed. 

An  atom  of  platinum  represents  two  atoms  of  potas- 
sium.    Calculate  as  KgO. 

Example — 

Analysis  of  Garnets  from  Donegal.— Separation 
and  estimation  of  silica,  lime,  alumina,  ferric  oxide,  and 
alkalies,  with  small  quantities  of  cuprous  oxide  and 
magnesia. 


Taken  for  analysis,  0  7 6  3  gram — 

Per  cent. 

.   SiUca    . 

41-34 

Lime    . 

32-28 

Alumina 

18-86 

Ferric  oxide   . 

6-18 

Cuprous  oxide 

0-32 

Magnesia 

0-12 

Potash 

0-91 

Soda     . 

0-72 

100-73 

After  the  separation  of  the  silica,  the  liquid  acid 
with  hydrochloric  acid  was  precipitated  by  sulphuretted 
hydrogen.  The  small  quantity  of  copper  sulphide  was 
weighed  on  a  filter  (p.  1 9),  and  calculated  as  CugO. 


Preparation  of  Pure  Calcium  Carbonate  for 
THE  Decomposition  of  Silicates. 

Dissolve  some  good  marble  in  commercial  hydro- 
chloric acid,  and  boil  the  solution  with  a  little  strong 
nitric  acid,  dilute  with  boiling  water  and  render  alkaline 
with  ammonia.  Boil  again  and  filter.  To  the  hot  filtrate, 
which  is  largely  diluted  with  boiling  water,  add  ammonium 
carbonate  in  excess,  allow  to  cool  and  settle.     Decant  the 
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liquid  and  wash  by  decantation  in  a  large  vessel  several 
times  with  water. 

By  this  treatment  the  powder  is  precipitated  in  a 
dense  form,  so  that  it  occupies  but  a  comparatively  small 
space  in  the  crucible;  it  is  essentially  pure  calcium 
carbonate. 

Pure  recrystallised  ammonium  chloride  should  be 
used  with  the  carbonate,  and  if  the  salt  is  not  purchas- 
able the  ordinary  salt  should  be  specially  recrystallised. 

The  reason  for  the  action  of  a  mixture  of  calcium 
carbonate  and  ammonium  chloride  upon  silicates  is  the 
formation  of  a  concentrated  solution  of  caustic  lime  in 
fused  calcium  chloride,  and  the  facility  with  which  the 
caustic  alkaline  earth  is  thus  caused  to  act  upon  the 
mineral. 

Calcium  carbonate  and  ammonium  chloride  of  course, 
under  mutual  decomposition,  form  ammonium  carbonate 
and  calcium  chloride.  The  action  of  heat  fuses  the 
chloride  and  converts  another  portion  of  calcium  car- 
bonate into  caustic  lime. 


Removal  of  the  Ammonium  Salts  without 
Ignition. 

After  the  complete  separation  of  the  calcium 
by  means  of  ammonium  carbonate  and  oxalate,  the 
ammonium  salts  may  be  removed  from  the  filtrate  by 
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boiling  in  a  round -bottomed  flask,  the  neck  being  in- 
clined at  an  angle  of  45°,  and  adding  about  3  grams  of 
nitric  acid  for  every  gram  of  ammonium  chloride  calcu- 
lated to  be  present.  The  addition  of  acid  should  be 
made  cautiously.  When  the  evolution  of  nitrogen  re- 
sulting from  the  decomposition  of  ammonia  salts  has 
ceased,  the  liquid,  evaporated  down  to  a  small  bulk  in 
the  flask,  is  treated  repeatedly  with  strong  hydrochloric 
acid  in  a  porcelain  evaporating  basin  to  destroy  the 
nitrates  and  convert  the  bases  entirely  into  chlorides. 
After  evaporation  to  drjmess  in  a  platinum  basin  once 
or  twice  with  water,  heating  short  of  redness  will  render 
the  chlorides  fit  to  weigh.  This  treatment  was  employed 
in  Example  44. 

43.  BERYK 

The  analysis  is  performed  in  the  manner  already 
described  for  insoluble  silicates,  and  the  silica  is  separ- 
ated as  usual,  then  proceed  as  follows  : — 

Estimation  of  Iron. — The  filtrate  and  washings 
from  the  silica  are  boiled  with  a  few  drops  of  nitric 
acid,  a  slight  excess  of  ammonium  chloride  and  ammonia 
are  added,  the  liquid  is  boiled  again,  the  precipitate 
filtered  off"  and  well  washed.  Hydrochloric  acid  is 
poured  upon  the  filter,  a  silver  dish  is  put  below  the 
funnel,  a  hole  is  made  in  the  apex  of  the  filter  with  a 
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glass  rod,  and  all  traces  of  the  precipitate  are  washed 
into  the  dish.  The  filter  is  then  again  moistened  with 
acid,  and  thoroughly  washed  with  water.  A  concen- 
trated solution  of  perfectly  pure  caustic  soda  or  potash, 
free  from  silica  and  alumina,  is  added  to  the  filtered 
liquid  in  large  excess  and  boiled.  The  precipitate 
formed  is  filtered  off,  washed  thoroughly  with  boiling 
water,  redissolved  in  hydrochloric  acid,  and  reprecipi- 
tated  by  adding  an  excess  of  ammonia  and  subsequent 
boihng. 

The  precipitate  is  filtered  ofi*,  washed  with  boiling 
water,  dried,  ignited,  and  weighed  as  FsgOg,  but  calcu- 
lated as  FeO. 

Estimation  of  Beryllia  and  Alumina.— The  solu- 
tion in  caustic  alkali,  which  contains  the  two  bases,  is 
acidified  with  hydrochloric  acid,  boiled,  treated  with  a 
slight  excess  of  ammonia,  and  boiled  again.  The  pre- 
cipitate is  filtered  off",  washed  thoroughly  with  boiling 
water,  and  digested  in  a  corked  flask,  without  removal 
from  the  filter -paper,  with  a  saturated  solution  of  am- 
monium carbonate.  After  an  interval  of  not  less  than 
twenty-four  hours  the  portion  of  the  precipitate  which 
remains  undissolved  is  filtered  off,  washed  thoroughly, 
dried,  burnt  with  the  filter,  and  weighed  as  AlgOg. 
The  solution  of  beryllia  in  ammonmm  carbonate  is 
largely  diluted  with  water  and  boiled  in  an  evaporating 
dish  for  a  long  time — a  basic  beryllium  carbonate  sepa- 


43  BERYL  216 

rates.  The  liquid  and  precipitate  are  transferred  to  a 
beaker,  the  solution  is  syphoned  off  when  quite  clear, 
and  the  remainder  is  poured  on  to  a  filter.  The  precipi- 
tate is  washed,  dried,  burnt,  and  weighed  as  BeO. 

For  calcium,  magnesium,  and  the  alkalies,  proceed  as 
with  other  silicates. 

Note. — Instead  of  treating  the  solution  of  beryllia  and 
alumina  with  hydrochloric  acid,  and  precipitat- 
ing the  former  with  ammonia  and  digesting 
with  ammonium  carbonate,  the  author  finds 
that  acidifying  with  acetic  acid,  and  boiling, 
precipitates  the  alumina  without  carrying  down 
any  weighable  quantity  of  beryllia.  The  beryllia 
may  be  precipitated  from  the  filtrate  by  am- 
monia. 

Example. — Radiated  beryl  from  Glen  Cullen,  County 
Dublin.  The  composition  of  the  mineral  is  in  agreement 
with  the  following  formula : — 

2(Al203-3Si02)-2(Be2Si04)BeO-Al203. 

This  mineral  requires  at  least  six  times  its  weight  of 
mixed  carbonates  for  its  decomposition.  Its  composition 
apparently  differs  from  ordinary  beryl  by  J,  the  silica 
being  replaced  by  alumina. 

The  fusion  of  1  gram  with  6  grams  of  mixed  carbon- 
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ates  left  a  slight  residue  of  mineral  unattacked,  as  shown 
by  its  insolubility  in  a  solution  of  sodium  carbonate. 
The  separate  fusion  of  the  residue  yielded  a  very  decided 
green  colour,  characteristic  of  manganese. 

Analysis  I. — 

SiOg— 1st  weighing  .  .      =  0'5518 

Undecomposed  mineral      .      =0-1035 
SiOg— 2d  weighing  .  .     =0*0264 

Actual  quantity  of  SiOg  present  in  1  gram  of  sub- 
stance— 

=  0-5518  gram  -  0-1035  gram  +  0-0264  gram. 
=  0-4747  gram  SiOg. 


Bases— 

1st  Fusion.     2d  Fusion. 

CaO  =  0-0232-f  0-0028 

MgO  =  0-0041  +  a  trace 

Fe2O3  =  0-0294  + 0-0055 

Al203=  0-2652 +  0-0657 

BeO  =  01092  + 0-0037 


Fe2O3=160and 


2FeO  =  144 


Mg2P207  =  0-0144 
80x0-0144       ^^S^- 


220-9 


=  000413 


1st  Fusion.  2d  Fusion. 
Fe203  =  0-0294 +  00055 


0-0349 


144x00349 
160" 


FeO. 
=  0-0314 
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Alkaline  Bases—  ^^^^^^ 

Weight  of  substance  taken     .  .  =1*6 

Weight  of  mixed  chlorides     .  .  =0'0277 

Weight  of  platinum  from  PtKgClg  .  =  00196 

Calculation  to  find  the  potash  and  soda  in  1  '5  grams 
of  the  mineral — 

K2  =  78  K  =  39 

0=16  CI  =  35-5 

94  74-5 

Pt  =  196-7  2KCU149 

00196x94 

=  00093KoO 


196-7 
0-0196x149 


196-7 


0-01485  KCl 


Na=23  Na2  =  46 

Cl=35-5  0=16 

58-5  62 

2NaCl=117 

Ch'^1.     ^^^-       ^^ci. 
00277 -00148  =  00129 
62x00129 


117 


=  0-0068  NajO 
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Water  expelled  from  0*5  gram  of  the  mineral  =  0*0024 
gram. 

The  statements  of  two  different  analyses  show  the 
necessity  for  selecting  specimens.  I.  and  II.  were  made 
from  crystals  which  differed  in  this  respect,  that  II. 
appeared  to  have  "weathered"  considerably. 


Specimen  I. 
Per  cent. 

Specimen  II. 
Per  cent. 

Silica  . 

47-47 

64-27 

Alumina 

32-49 

27-23 

Beryllia 

11-29 

10-50 

Lime  . 

2-60 

1-40 

Ferrous  oxide 

3-13 

2-88 

Magnesia 

0-41 

0-47 

Soda    . 

0-45 

0-47 

Potash 

0-62 

0-41 

Water 

0-48 

... 

98-94 

97-63 

44.  PETALITR 

The  estimation  of  silica,  ferric  oxide,  alumina,  lime, 
and  magnesia  is  made  according  to  the  directions  given 
in  42.  When  finely  powdered,  4  parts  of  the  mixed 
carbonates  are  sufficient  to  render  the  mineral  soluble. 
The  following  is  a  description  of  the  method  of  separating 
and  estimating  the  alkaline  bases,  lithia,  soda,  and  potash. 
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Separation  and  Estimation  of  Alkalies.— The 

alkalies  present  arc  lithium,  sodium,  and  potassium. 
They  should  be  converted  into  sulphates  and  weighed 
together,  the  lithia  precipitated  as  phosphate,  and  the 
potassium  as  the  potassio-platinic  chloride. 

About  a  gram  of  the  mineral  reduced  to  an  impalpable 
and  powder  is  fused  with  10  grams  of  calcium  carbonate 
and  1  '5  gram  of  ammonium  chloride.  The  substances  are 
intimately  mixed,  and  a  layer  of  the  fusion  mixture  is 
placed  on  the  top.  Fuse  for  one  hour  at  a  good  red-heat 
in  a  platinum  crucible,  packed  with  magnesia  inside  a 
Hessian  crucible.  The  contents  of  the  crucible  are  boiled 
with  water  and  a  little  hydrochloric  acid,  the  solution 
evaporated  to  dryness,  and  the  silica  separated  (see  p.  200). 
Filtrate  and  washings  are  evaporated  to  a  convenient 
bulk  in  a  porcelain  dish,  nitric  acid  is  added  to  per- 
oxidise  the  iron,  and  to  the  hot  solution  ammonium 
chloride  and  ammonia  are  added  to  precipitate  iron  and 
alumina.  The  precipitate  is  washed  and  the  filtrate 
mixed  with  ammonium  carbonate  and  some  ammonium 
oxalate,  to  precipitate  the  bulk  of  the  lime  as  carbonate, 
and  to  remove  the  last  traces  as  oxalate.  The  liquid  is 
then  warmed  and  allowed  to  stand  for  twenty-four  hours. 
The  lime  salts  are  filtered  off*  and  washed  with  water  con- 
taining ammonia.  The  filtrate  should  be  tested  by  a 
further  addition  of  ammonium  oxalate,  warmed,  and 
allowed  to  stand  for  some  time.      The  solution  now 
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contains  magnesia  and  the  alkalies,  but  it  is  highly- 
charged  with  ammonium  salts ;  these  are  destroyed  by 
transferring  the  liquid  to  a  flask  with  a  round  bottom, 
the  neck  being  supported  at  an  angle  of  45°,  and  boiling 
with  an  excess  of  strong  nitric  acid  until  no  more  effer- 
vescence occurs.  The  liquid  may  now  be  evaporated  down 
with  strong  hydrochloric  acid  to  decompose  the  nitrates. 
When  brown  fumes  are  no  longer  disengaged,  the  chlorides 
may  be  evaporated  to  dryness  on  a  sand-bath,  treated 
with  water,  and  again  evaporated  until  the  salts  have  a 
neutral  or  only  faintly  acid  reaction.  Barium  hydrate 
dissolved  in  boiling  water  is  added  as  long  as  any  pre- 
cipitate falls;  the  solution  is  boiled,  filtered,  and  the 
precipitate  washed  with  boiling  water.  The  filtrate  is 
tested  by  a  further  addition  of  baryta  solution.  Boil 
and  add  hot  dilute  sulphuric  acid  to  remove  the  baryta, 
the  precipitate  is  allowed  to  stand  for  twenty-four  hours, 
the  liquid  is  decanted  through  a  filter  (see  p.  1 2),  and  the 
precipitate  washed  with  boiling  water.  Both  filtrate  and 
washings  are  reserved  for  the  estimation  of  the  alkalies. 
The  foregoing  treatment  if  properly  applied  has 
separated  all  other  bases  from  the  alkalies ;  it  is  neces- 
sary now  to  evaporate  the  solution  to  dryness  in  a 
platinum  basin ;  add  a  little  sulphuric  acid  to  expel  all 
other  acids,  evaporate  to  dryness  cautiously,  gently 
ignite,  cool  in  a  desiccator,  cover  the  basin  with  a  film 
of  mica,  and  weigh  the  mixed  sulphates. 
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It  is  necessary  to  make  sure  that  the  alkaline  sulphates 
contain  no  impurity;  therefore  dissolve  in  a  small  quantity 
of  water  and  transfer  to  a  beaker;  the  liquid  should 
be  quite  free  from  turbidity.  In  the  event  of  the  liquid 
not  being  clear,  pass  it  through  a  small  filter,  then  add 
ammonium  chloride  and  ammonium  carbonate  in  small 
quantity,  filter  again,  evaporate  to  dryness,  and  ignite. 
Weigh  as  sodium,  lithium,  and  potassium  sulphates. 

Estimation  of  Lithium. — The  sulphates  are  now 
dissolved  in  a  small  quantity  of  water,  and  a  few  drops 
of  pure  caustic  soda  are  added.  Calculate  now  the 
quantity  of  disodium  orthophosphate  (Na2HP04-12H20) 
necessary  to  precipitate  the  lithia,  on  the  assumption 
that  all  the  salts  are  lithium  sulphate  (LigSO^),  and  that 
it  will  be  converted  into  LigPO^. 

"Weigh  roughly  and  dissolve  the  requisite  quantity  of 
disodium  orthophosphate  in  water,  and  add  it  cautiously, 
so  that  no  more  than  is  necessary  is  used  to  precipitate 
the  lithia  from  the  solution  of  the  sulphates ;  test  whether 
the  solution  has  an  acid  reaction,  and  neutralise  or  render 
it  slightly  alkaline  with  pure  caustic  soda.  The  liquid 
with  the  precipitate  is  now  evaporated  to  dryness,  the 
soluble  salts  are  dissolved  out  with  hot  water,  and  mixed 
with  an  equal  volume  of  ammonia  solution.  Digest  on 
the  water -bath,  filter  after  twelve  hours,  and  wash  the 
precipitate  with  equal  volumes  of  ammonia  solution  and 
water.     Evaporate  the  filtrate   and  first  washings  to 
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dryness,  and  treat  the  residue  as  before.  If  some  lithium 
phosphate  is  thereby  obtained  it  should  be  added  to  the 
principal  quantity.  Dry  the  filter,  transfer  the  pre- 
precipitate  to  a  porcelain  crucible,  ignite  at  a  moderate 
red-heat,  and  weigh  as  LigPO^. 

Estimations  of  potash  in  presence  of  soda  cannot  be 
made  with  the  sulphates  or  in  presence  of  phosphates. 
These  salts  must  be  converted  into  chlorides.  To  the 
filtrate  from  the  lithia  phosphate  a  hot  saturated  solu- 
tion of  baryta  water,  free  from  alkali,  is  added  as  long  as 
a  precipitate  forms;  allow  to  deposit,  filter,  wash  the 
precipitate,  and  pass  carbonic  acid  into  the  filtrate,  to 
throw  down  the  excess  of  baryta ;  heat  to  boiling,  filter 
off  the  barium  carbonate,  wash,  add  hydrochloric  acid 
to  the  filtrate,  and  evaporate  to  dryness  to  remove  the 
excess  of  acid.  Effect  the  separation  of  the  potassium 
according  to  the  mode  of  procedure  on  p.  209. 

Example — 

Petalite. — Weight  of  substance,  1*5684  grams. 

Lithium- 
Weight  of  platinum  basin  -f  cover  +  mixed  Grams. 

sulphates       .....  =86*6595 

Weight  of  platinum  basin  +  cover    .  .  =86*4124 


LigSO^+NagSO^-f  K2SO4     =   0*2471 
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LigPO^  +  crucible  +  lid  .  =17*9270 

crucible  +  lid  .  .  =17-8486 


LigPO^     =   00784 

To  find  the  quantity  of  lithia,  LioO,  in  1  -5684  grams 
of  the  mineral — 

Parts.  Parts. 

Li3=21  Li2  =  14  ^^,,,  ^, 
^  ^  .  0-0784  X  21 
P  =  31       0  =  16 =  0-01419  Li 

0,=  64  -  11^ 

—              30      0-01419x30     ,,,,,  ^.^ 
n6  =     li =0-0304  Lip 

To  find  the  percentage  of  lithia  LigO  in  the  mineral — 

0-0304x100       ^''''''^' 
1-5684       =^'^^^^-^ 

Potassium. — In  this  case  thepotassio-platinic  chloride 
was  washed  by  decantation  and  transferred  by  means  of 
a  stream  of  alcohol  into  a  weighed  porcelain  crucible. 
The  decantations  were  all  passed  through  a  filter. 

The  alcohol  in  the  crucible  is  evaporated  on  the 
water-bath,  and  the  platinic  salt  carefully  dried  in  the 
water-oven.     It  is  then  weighed. 

KjPtCle  -f  crucible  -f  lid  .     =  12-6530 

crucible -f  lid  .      =12-4822 


KjjPtCle     =  0-1708 
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To  find  the  quantity  of  potassium  in  the  platinum 

salt — 

Parts. 

■r,^^  ,r,^          0-1708x78         ^^°'- 
Pt  =  197  -— =  00273  K 

CL  =  213  ^^^ 


488 


The  filter  through  which  the  solution  had  been  de- 
canted was  ignited  and  weighed  in  the  crucible  with 
the  KgPtClg.  The  ignition  may  be  carried  out  on  the 
lid,  the  lid  afterwards  being  placed  on  the  crucible. 

KaPtClg  +  2KC1  +  Pt  +  crucible  +  lid     =  12-6654 
crucible  +  lid     =  12-4822 


0-1832 
Filter-ash     =   0-0002 


KoPtCL  +  2KC1  +  Pt     =  0-1830 


KaPtCle  +  2KC1 -f  Pt        .          .           .     =0-1830 
KgPtClg =0-1708 


2KCl-fPt     =0-0122 


To  find  the  quantity  of  potassium  in  the  portion  of 
the  platinum  salt  ignited — 
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Parts. 

K,=    78  0-0122x78^^.^^^^^ 

Cl2=   71  346 

Pt=197 

346 

Potassium  in  the  platinic  salt  =0-0273 

Potassium  as  2KC1  +  Pt  .  .     =  0-0027 


Total  potassium     =00300 


To  find  the  percentage  of  potash  KgO  in  the  mineral — 

Parts. 

^2  =  ^^  0-03x94 

0  =  16  — — —  =  0-0361  K2O 

94 

0-0361  X  100     Percent. 
-T5G81 2-30  K^O 

Sodium. — The  mixed  sulphates  weigh  0-2471  gram. 


Ufi  =  0-0304 
K2O  =  00361 

The  lithia  and  potash  must  bo  calculated  as  sulphate 
and  deducted  from  the  mixed  salts. 

Q 
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Parts.  Parts. 

Li2  =  14  K2  =  78      0-0304x110 

S  =  32  S  =  32      - 

O4  =  64  04  =  64 


30 
0-0361  X  174 


110 


174 


94 


=  0-1114  LLSO. 


=  0-0668  K2SO4 


Mixed  sulphates      LigSO^      K2SO4      Na2S04 
0-2471         =   0-1114  +  0-0668  +  0-0689 


[a2  =  46 

Na2  =  46      0-0689  X  62   ^^^™^- 

S  =  32 

0  =  16 

142         ----■^^^- 

0^=64 

62        0 

03  X  100  ^^'^  '=^"*- 

1  -01  tstq  n 

142 

1-5684     tV.»VN*20 

Petalite- 

Found. 
Per  cent. 

Silica 

68-68 

Lime 

0-79 

Magnesia 

0-34 

Lithia 

1-88 

Potash 

2-30 

Soda 

1-91 

Ferric  oxide 

)      0-96 

Alumina 
Total     = 

23-27 

=  100-13 
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Notes.^l.)  When  the  alkalies  have  been  obtained  aa 
sulphates  they  are  not  likely  to  contain  barium, 
but  they  may  be  contaminated  by  a  small 
quantity  of  silica,  or  calcium  sulphate.  This 
salt  would  be  sparingly  soluble  in  water  at  first, 
and  would  make  the  solution  turbid.  It  may 
be  precipitated  by  the  addition  of  ammonia  and 
ammonium  carbonate. 

(2.)  The  reason  for  the  solution  becoming  acid  when 
lithium  phosphate  is  precipitated  may  be  under- 
stood from  the  following  equation  : — 

3LioS04+  2Na2HP04=  2Li3P04+  2Na^SO,+H2SO,. 

Free  sulphuric  acid,  or,  what  amounts  to  the 

same  thing  in  such  a  solution,  acid   sodium 

sulphate  is  formed. 
(3.)  By  "  solution  of  ammonia  "  is  meant  the  reagent 

in  common  use. 
(4.)  Lithium  orthophosphate  is  soluble  in  2539  parts 

of  pure  water,  and  3920  of  ammoniacal  water. 

When  dried  at  the  temperature  of  100°  C.  its 

composition  is  represented  by  LigPO^. 
(5.)  When  lithium  phosphate  is  ignited  before  being 

weighed,  great  care  should  be  taken  that  the 

precipitate  be  removed  from  the  filter  before 

the  paper  is  incinerated. 


QUANTITATIVE  ANALYSIS 


Table  of  Atomic  Weights  based  upon  the  Experi- 
ments OF  M.  Stas,  and  calculated  by  M.  J.  D. 
Van  der  Plaats  (Ann.  de  Chimie  ef  de  Physique, 
6th  series,  vol.  vii.  p.  499,  1886). 


Limit  of 

Limit  of 

Accuracy. 

Accuracy. 

Aluminium 

Al=   27-08 

0-05 

Molybdenum  Mo  =  96 

0-3 

Antimony 

Sb  =  120 

0-2 

Nickel 

Ni=  58 

Arsenic 

As=  75 

0-3 

or  58-8 

0-5 

Barium 

Ba= 137-1 

0-1 

Niobium 

Nb=  94 

2-0 

Beryllium 

Be=     9-1 

0-2 

Nitrogen 

N=  14-05 

0-01 

Bismuth 

Bi=208 

0-3 

Osmium 

Os  =  195 

5-0 

Boron 

B=  11 

0-1 

Oxygen 

0  =  16 

0 

Bromine 

Br=  79-955 

0-01 

Palladium 

Pd  =  106-5 

1 

Cadmium 

Cd  =  112-1 

0-2 

Phosphorus 

P=  30-95 

0-05 

Csesium 

Cs  =  132-8 

0-3 

Platinum 

Pt  =  194-9 

0-2 

Calcium 

Ca=  40 

0-05 

Potassium 

K=  39-144  0-01 

Carbon 

C=   12-005 

0-005 

Rhodium 

Rh=104 

1-0 

Cerium 

Ce  =  141-5 

1-0 

Rubidium 

Rb=  85-4 

0-1 

Chlorine 

Cl=  35-456 

0-005 

Ruthenium 

Ru=104 

1-0 

Chromium 

Cr=  52-3 

0-3 

Samarium 

Sm=150 

0-5 

Cobalt 

Co=  58-8 

Scandium 

Sc=  44 

0-5 

or  60 

0-5 

Selenium 

Se=  79 

0-2 

Copper 
Didymium 

Cu=  63-33 

0-02 

Silicon 

Si=  28 

0-1 

Di=145 

3-0 

Silver 

Ag=  107-93 

0-01 

Erbium 

Er=166 

2-1 

Sodium 

Na=  23-05 

0-005 

Fluorine 

F=  19 

•0-1 

Strontium 

Sr=  87-5 

0-1 

Gallium 

Ga=  70 

1-0 

Sulphur 

S=  32-06 

0-01 

Germanium ' 

Gr=  72-28 

Tantalum 

Ta  =  182-8 

0-5 

Gold 

Au  =  196-7 

0-5 

Tellurium 

Te  =  125 

3-0 

Hydrogen 

H=     1 

0-005 

Thallium 

Tl  =  204-2 

0-5 

Indium 

In  =  113-7 

0-5 

Thorium 

Th  =  233 

1-0 

Iodine 

1  =  126-86 

0-01 

Tin 

Sn  =  118-1 

0-1 

Iridium 

Ir=l93 

0-2 

Titanium 

Ti=  48-1 

0-1 

Iron 

Fe=  56 

0-5 

Tungsten 

W  =  184-0 

0-2 

Lanthanum 

La  =  138 

2-0 

Uranium 

Ur  =  240 

1-0 

Lead 

Pb=206-91 

0-05 

Vanadium 

V=  51-3 

0-1 

Lithium 

Li=     7-02 

0-01 

Ytterbium 

Yb  =  173 

1-0 

Magnesium 

Mg=  24-4 

0-05 

Yttrium 

Yt=  89-5 

1-0 

Manganese 

Mn=  55 

0-1 

Zinc 

Zn=  65-3 

0-1 

Mercury 

Hg= 200-1 

0-2 

Zirconium 

Zr=  90-5 

1-0 

Lecocq  de  Boisbaudran. 
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Sulphuric  Acid. 

Specific  Gravity  of  Sulphuric  Acid  at  60°  F.  or  15"  C,  calculated 
from  Kolb's  Table  (Lunge  and  Hurler). 


100  parts  by  weight  contain 

Degrees 

Specific 

Grams  per  litre. 

Twaddell. 

Gravity. 

SOj. 

H2SO4. 

H28O4. 

40 

1-20 

22-10 

27-10 

326 

41 

1-205 

22-61 

27-70 

334 

42 

1-210 

23-11 

28-31 

342 

43 

1-215 

23-60 

28-91 

351 

44 

1-220 

24-10 

29-52 

360 

45 

1-225 

24-59 

30-13 

369 

46 

1-230 

25  09 

30-73 

378 

47 

1-235 

25-58 

31-34 

387 

48 

1-24 

26  08 

31-95 

396 

49 

1-245 

26-57 

32-55 

405 

50 

1-25 

27-07 

33-16 

414 

61 

1-255 

27-56 

33-77 

424 

62 

1-26 

28-06 

34-37 

433 

63 

1-265 

28-55 

34-98 

442 

54 

1-27 

29-05 

35-59 

451 

65 

1-275 

29-54 

36-19 

461 

66 

1-28 

30-04 

36-80 

470 

57 

1-285 

30-53 

37-41 

480 

58 

1-29 

31-03 

38  01 

490 

59 

1-295 

31-52 

88-62 

500 

60 

1-30 

32-02 

39-23 

510 

61 

1-305 

32-51 

39-82 

520 

62 

1-31 

33  00 

40-42 

529 

63 

1-315 

33-49 

41-01 

539 

64 

1-32 

33-97 

41-61 

649 

65 

1-325 

34-45 

42-20 

559 

66 

1-33 

34-89 

42-73 

568 

67 

1-335 

35-32 

43-26 

677 

68 

1-34 

35-75 

43-79 

687 

69 

1-345 

3619 

44-32 

696 
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Sulphuric  Acid.— Continued. 

Specific  Gravity  of  Sulphuric  Acid  at  60°  F.  or  15°  C,  calculated 
from  Kolb's  Table  (Lunge  and  Hurter). 


100  parts  by  weight  contain 

Degrees 

Specific 

Grams  per  litre. 
Ha804. 

TwaddeU. 

Gravity. 

SO3. 

H2SO4. 

70 

1-35 

36-62 

44-85 

605 

71 

1-355 

37-05 

45-38 

615 

72 

1-36 

37-48 

45-91 

624 

73 

1-365 

37-92 

46-44 

634 

74 

1-37 

38-35 

46-97 

643 

75 

1-375 

38-78 

47-50 

653 

76 

1-38 

39-20 

48-02 

662 

77 

1-385 

39-63 

48-54 

672 

78 

1-39 

40-05 

49-06 

682 

79 

1-395 

40-48 

49-58 

691    • 

80 

1-4 

40-90 

50-10 

701 

81 

1-405 

41-33 

50-62 

711 

82 

1-41 

41-75 

51-14 

721 

83 

1-415 

42-18 

51-66 

731 

84 

1-42 

42-60 

52-18 

741 

85 

1-425 

43-02 

52-70   . 

751 

86 

1-43 

43-41 

53-18 

761 

87 

1-435 

43-81 

53-67 

770 

88 

1-44 

44-20 

54-15 

780 

89 

1-445 

44-60 

54-64 

789 

90 

1-45 

45-00 

55-12 

799 

91 

1-455 

45-39 

55-61 

809 

92 

1-46 

45-79 

56-09 

818 

93 

1-465 

46-18 

56-58 

828 

94 

1-47 

46-58 

57-06 

838 

95 

1-475 

46-98 

57-55 

848 

96 

1-48 

47-34 

58-00 

858 

97 

1-485 

47-71 

58-45 

867 

98 

1-49 

48-08 

58-90 

877 

99 

1-495 

48-44 

59-35 

887 
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Sulphuric  Acid. — Cmtinued. 

Specific  Gravity  of  Sulphuric  Acid  at  60°  F.  or  15°  C,  calculated 
from  Kolb's  Table  (Lunge  and  Hurter). 


100  parts  by  weight  contain 

Degrees 

Specific 

Grama  per  litre. 
H0SO4. 

Twaddell. 

Gravity. 

SO3. 

H2SO4. 

100 

1-50 

48-81 

59-80 

897 

101 

1-505 

49-18 

60-25 

907 

102 

1-51 

49-55 

60-70 

917 

103 

1-515 

49-91 

61-15 

926 

104 

1-52 

50-28 

61-60 

936 

105 

1-525 

50-65 

62-05 

946 

106 

1-53 

51-00 

62-50 

956 

107 

1-535 

51-36 

62-95 

966 

108 

1-54 

51-73 

63-40 

976 

109 

1-545 

52-10 

63-85 

986 

110 

1-55 

52-46 

64-30 

996 

111 

1-555 

52-83 

64-75 

1006 

112 

1-56 

53-20 

65-20 

1017 

113 

1-565 

53-57 

65-65 

1027 

114 

1-57 

53-94 

66-10 

1037 

115 

1-575 

54-33 

66-55 

1047 

116 

1-68 

54-68 

66-98 

1058 

117 

1-585 

55-04 

67-42 

1068 

118 

1-59 

55-39 

67-85 

1078 

119 

1-595 

55-75 

68-29 

1089 

120 

1-6 

56-10 

68-72 

1099 

121 

1-605 

56-46 

6916 

1109 

122 

1-61 

56-81 

69-59 

1120 

123 

1-615 

57-17 

70-03 

1131 

124 

1-62 

57-62 

70-46 

1141 

125 

1-625 

67-88 

70-90 

1151 

126 

1-63 

68-22 

71-32 

1162 

127 

1-635 

68-56 

71-74 

1172 

128 

1-64 

58-90 

72-16 

1183 

129 

1-645 

69-25 

72-58 

1193 
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Sulphuric  Acid. — Continued. 

Specific  Gravity  of  Sulphuric  Acid  at  60°  F.  or  15°  C,  calculated 
from  Kolb's  Table  (Lunge  and  Hurter). 


100  parts  by  weight  contain 

Degrees 

Specific 

Grams  per  litre. 

Twaddell. 

Gravity. 

SO3. 

H2SO4. 

H2SO4. 

130 

1-65 

59-60 

73-00 

1204 

131 

1-655 

59-92 

73-40 

1214 

132 

1-66 

60-25 

73-80 

1225 

133 

1-665 

60-58 

74-20 

1236 

134 

1-67 

60-90 

74-60 

1247 

135 

1-675 

61-23 

75-00 

1257 

136 

1-68 

61-58 

75-43 

1268 

137 

1-685 

61-93 

75-86 

1279 

138 

1-69 

62-28 

76-29 

1289 

139 

1-696 

62-63 

76-72 

1300 

140 

1-7 

62-98 

77-15 

1311 

141 

1-705 

63-33 

77-58 

1322 

142 

1-71 

63-68 

78-01 

1333 

143 

1-715 

64-04 

78-44 

1345 

144 

1-72 

64-39 

78-87 

1356 

145 

1-725 

64-74 

79-30 

1367 

146 

1-73 

65-09 

79-73 

1379 

147 

1-735 

65-44 

80-16 

1390 

148 

1-74 

65-79 

80-59 

1402 

149 

1-745 

66-14 

81-02 

1413 

150 

1-75 

66-49 

81-45 

1425 

151 

1-755 

66-94 

82-00 

1438 

152 

1-76 

67-39 

82-56 

1452 

153 

1-765 

67-84 

83-11 

1466 

154 

1-77 

68-30 

83-67 

1480 

155 

1-775 

68-75 

84-22      ■ 

1494 

156 

1-78 

69-20 

84-78 

1509 

157 

1-785 

69-66 

85-33 

1523 

158 

1  79 

70-11 

85-89 

1537 

159 

1-795 

70-56 

86-44 

1551 
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Sulphuric  Acw.^ Continued. 

Specific  Gravity  of  Sulphuric  Acid  at  60"  F.  or  15°  C,  calculated 
from  Kolb's  Table  (Lunge  and  Hurter). 


100  parts  by  weight  contain 

Degrees 

Specific 

Grams  per  litre. 

Twaddell. 

Gravity. 

SO3. 

H2SO4. 

H2SO4. 

160 

1-8 

71-02 

87  00 

1566 

161 

1-805 

71-58 

87-69 

1582 

162 

1-81 

72-15 

88-39 

1599 

163 

1-815 

72-71 

89-88 

1616 

Specific  Gravities  of  most  highly  concentrated  Sulphuric 
Acids  at  60"  F.  or  15°  C.  (Lunge  and  Naef).^ 


Tw. 

8p.  Gr. 

Per  cent 
H2SO4. 

Tw. 

Sp.  Gr. 

Per  cent 
H2SO4. 

Tw. 

8p.  Gr. 

Per  cent. 
H2SO4. 

163-7 

1-8185 

90 

167-4 

1-8372 

94 

1-8412 

98 

1-8195 

♦  90-20 

1-8387 

*  94-84 

1-8406=" 

•  98-39 

164-8 

1-8241 

91 

167-8 

1-8390 

95 

1-84093 

*  98-66 

1  -8271 

♦91-48 

1-8406 

*  95-97 

1-8403 

99 

165-9 

1-8294 

92 

168-1 

1  -8406 

96 

1-8395 

*  99-47 

1-8334 

*  92-83 

1-8410 

*97 

1-8384 

*100  00 

166-8 

1-8339 

93 

1-8413 

97-70 

1  Chem.  Industrie,  1883,  February.— The  values  marketl  *  are  found  directly 
by  experiment,  the  others  are  interpolated.  The  weights  are  reduced  to  water 
of  4*  C.  and  the  vacuum.  All  these  values  refer  to  cheviicaUy  pun  acid.  Tlie 
BiMJciflc  gravity  of  commercial  acids  is  considerably  higher  in  the  case  of  the 
highest  strengths,  but  too  unequal  for  acids  of  different  manulbctures  to  adu\it 
of  embodying  them  in  a  table. 

a  Prepared  by  mixing  95  per  cent  acid  with  fuming  acid. 

»  Prepared  by  direct  evaporation  of  05  per  cent  acid. 
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Hydrochloric  Acid. 

Percentage  of  pure  HCl  grams  per  litre,  60°  F.  or  15°  C,  calculated 
from  Kolb's  Results  (Lunge  and  Hurter). 


Degrees 

Specific 

Percentage  of 

Grams  per 

Twaddell. 

Gravity. 

HCl. 

litre. 

1 

1-005 

1-12 

11-32 

2 

1-01 

2-12 

21-45 

3 

1-015 

3-12 

31-67 

4 

1-02 

4-11 

41-99 

5 

1-025 

5-11 

52-41 

6 

1-03 

6-11 

62-93 

7 

1035 

7-10 

73-65 

8 

1-04 

8-10 

84-27 

9 

1-045 

9-10 

95-09 

10 

1-05 

10-09 

106-01 

11 

1-055 

11-09 

117-02 

12 

1-06 

12-09 

128-14 

13 

1-065 

13-08 

139-36 

14 

1-07 

14-08 

150-68 

15 

1-075 

15-08 

162-10 

16 

1-08 

16-07 

173-62 

17 

1-085 

17-07 

185-24 

18 

1-09 

18-07 

196-96 

19 

1-095 

19-07 

208-78 

20 

1-10 

20-06 

220-70 

21 

1-105 

21-06 

232-68 

22 

1-11 

22-06 

244-80 

23 

1116 

23  05 

257-02 

24 

1-12 

24-05 

269-34 

25 

1-125 

25-05 

281-76 

26 

1-13 

26  04 

294-28 

27 

ri35 

27-04 

306-90 

28 

1-14 

28-04 

319-62 

29 

1-145 

29-03 

332-44 

30 

1-15 

30-03 

345-36 

HYDROMETER  TABLES 
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Hydrochloric  Acid. — Continued. 

Percentage  of  pure  HCl  grams  per  litre,  60°  F.  or  15°  C,  calculated 
from  Kolb's  Results  (Lunge  and  Hurter). 


Degrees 

Specific 

Percentage  of 

Grams  per 

TwaddeU. 

Gravity. 

HCl. 

litre. 

31 

1-155 

31-03 

358-34 

32 

116 

32-02 

371-44 

33 

1165 

33-02 

384-64 

34 

1-17 

34-02 

397-94 

35 

1175 

35-01 

411-34 

36 

1-18 

36-01 

424-84 

37 

1-185 

37-01 

438-44 

38 

1-19 

38-01 

452-14 

39 

1-195 

39-00 

466-00 

40 

1-20 

40-00 

479-84 
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Nitric  Acid. 

Specific  Gravity  of  Nitric  Acid  at  60°  F.  (15°  C), 

Calculated  from  Kolb's  Results  (Lunge  and  Hurter). 


Degrees 

Sp.  Gr. 

Percentage  by  weight. 

Grams  per  litre. 

Twad- 
dell. 

HNO3. 

N2O5. 

HNO3. 

N2O5. 

1 

1-005 

•88 

•75 

8-8 

7-5 

2 

1-01 

1-75 

1-50 

17-6 

151 

3 

1-015 

2-62 

2-25 

26-6 

22-8 

4 

1-02 

3-50 

3  00 

35-7 

30-6 

5 

1-025 

4-37 

3-75 

44-8 

38-4 

6 

1-03 

5-25 

4-50 

54-0 

46-3 

7 

1035 

6-12 

5-25 

63-3 

54-2 

8 

1-04 

6-95 

5-95 

72-3 

62-0 

9 

1-045 

7-77 

6-66 

81-2 

69-6 

10 

1-05 

8-59 

7-36 

90-2 

77-3 

11 

1-055 

9-41 

8-07 

99-3 

85-1 

12 

1-06 

10-23 

8-77 

108-4 

97-3 

13 

1-065 

11-06 

9-48 

117-8 

101-0 

14 

1-07 

11-88 

10-18 

127-1 

108-9 

15 

1-075 

12-70 

10-89 

136-5 

117-0 

16 

1-08 

13-52 

11-59 

146-0 

125-1 

17 

1-085 

14-34 

12-29 

155-6 

133-4 

18 

109 

15-16 

12-99 

165-2 

141-6 

19 

1-095 

15-98 

13-70 

175-0 

150-0 

20 

1-100 

16-80 

14-40 

184-8 

158-4 

21 

1-105 

17-57 

15-06 

194-1 

166-4 

22 

1-110 

18-35 

15-72 

203-7 

174-6 

23 

1-115 

19-12 

16-39 

213-2 

182-7 

24 

1-120 

19-89 

17-05 

222-7 

190-9 

25 

1-125 

20-67 

17-71 

232-5 

199-3 

26 

1-120 

21-44 

18-38 

242-3 

207-7 

27 

1135 

22-21 

19-04 

252-0 

216-0 

28 

1-14 

22-98 

19-70 

262-0 

224-6 

29 

1-145 

23-76 

20-36 

272-0 

233-2 

30 

1-15 

24-53 

21-03 

282-1 

241-8 
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Nitric  Acid. — Continued. 

Specific  Gravity  of  Niteio  Acid  at  60°  F.  (15°  C), 

Calculated  from  Kolb's  Results  (Lunge  and  Hurter). 


Degrees 

Sp.  Gr. 

Percentage  by  weight 

Grams  per  litre. 

Twad- 
delL 

HNOs- 

N2O5. 

HNO3. 

N2O5. 

31 

1-155 

25-30 

21-69 

292-2 

250-4 

32 

1-160 

26-08 

22-35 

302-5 

259-3 

33 

1-165 

26-85 

23-01 

312-8 

268-1 

34 

1-170 

27-62 

23-68 

323-1 

276-9 

35 

1-175 

28-40 

24-34 

333-7 

286-0 

36 

1-180 

29-17 

25-00 

344-2 

295-0 

37 

1-185 

29-94 

25-66 

354-8 

304-1 

38 

1-190 

30-71 

26-33 

365-4 

313-2 

39 

1-195 

31-49 

26-99 

376-3 

322-6 

40 

1-20 

32-26. 

27-65 

387-1 

331-8 

41 

1-205 

33  02 

28-30 

397-9 

341-1 

42 

1-210 

33-79 

28-96 

408-8 

350-4 

43 

1-215 

34-55 

29-61 

419-8 

359-9 

44 

1-22 

35-32 

30-27 

430-9 

369-3 

45 

1-225 

36-08 

30-93 

4420 

378-9 

46 

1-230 

36-85 

31-58 

453-2 

388-5 

47 

1-235 

37-61 

32-24 

464-5 

398-1 

48 

1-240 

38-38 

32-90 

475-9 

407-9 

49 

1-245 

3915 

33-55 

487-4 

417-8 

50 

1-250 

39-91 

34-21 

498-8 

427-6 

51 

1-255 

40-68 

34-86 

510-5 

437-6 

52 

1-260 

41-44 

35-52 

522-1 

447-6 

53 

1-265 

42-21 

36-18 

532-8 

456-6 

54 

1-27 

42-97 

36-83 

545-7 

467-8 

55 

1-275 

43-74 

37-49 

557-7 

478-0 

66 

1-28 

44-50 

38-15 

569-6 

488-2 

57 

1-285 

45-27 

38-80 

581-7 

498-6 

68 

1-29 

46-04 

39-46 

593-9 

509  1 

59 

1-295 

46-80 

40-11 

606-0 

619-5 

60 

1-30 

47-57 

40-77 

618-4 

530-1 
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Nitric  Acid. — Continued. 

Specific  Gravity  of  Nitric  Acid  at  60°  F.  (15°  C), 

Calculated  from  Kolb's  Results  (Lunge  and  Hurter). 


Degrees 
Twad- 

Sp.  Gr. 

Percentage  by  weight. 

Grams  per  litre. 

deU. 

HNO3. 

N2O5. 

HNO3. 

N2O5. 

61 

1-305 

48-33 

41-43 

630-7 

540-6 

62 

1-310 

49-10 

42-08 

643-2 

551-3 

63 

1-315 

49-86 

42-74 

655-6 

562-0 

64 

1-32 

50-63 

43-40 

668-3 

572-8 

65 

1-325 

51-40 

44-06 

681-0 

583-8 

66 

1-33 

52-24 

44-78 

694-8 

595-6 

67 

1-335 

53-09 

45-51 

708-7 

607-5 

68 

1-340 

53-94 

46-24 

722-8 

619-6 

69 

1-345 

54-79 

46-96 

736-9 

631-6 

70 

1-350 

55-64 

47-69 

751-1 

643-8 

71 

1-355 

56-53 

48-45 

766-0 

656-6 

72 

1-36 

57-42 

49-22 

780-9 

669-4 

73 

1-365 

58-31 

49-98 

795-9 

682-2 

74 

1-37 

59-21 

50-75 

811-2 

695-3 

75 

1-375 

60-10 

51-51 

826-4 

708-4 

76 

1-38 

61-00 

52-29 

841-8 

721-6 

77 

1-385 

61-97 

53-12 

858-3 

735-8 

78 

1-39 

62-95 

53-96 

875-0 

750-0 

79 

1-395 

63-92 

54-79 

891-7 

764-2 

80 

1-40 

64-90 

55-66 

908-6 

778-8 

81 

1-405 

66-01 

56-61 

927-4 

794-9 

82 

1-41 

67  12 

57-56 

946-4 

811-2 

83 

1-415 

68-23 

58-51 

965-4 

827-4 

84 

1-42 

69-34 

59-46 

984-6 

844-0 

85 

1-425 

70-45 

60-39 

1004 

860-6 

86 

1-43 

71-83 

61-57 

1027 

880-4 

87 

1-435 

73-21 

62-76 

1050 

900-0 

88 

1-44 

74-59 

63-94 

1074 

920-6 

89 

1-445 

75-98 

65-13 

1097 

940-4 

90 

1-45 

77-36 

66-31 

1122 

961-8 
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Nitric  Acm. — Continued. 

Specific  Gravity  of  Nitbio  Acid  at  60°  F.  (15°  C), 

Calculated  from  Eolb's  Results  (Lunge  and  Hurter). 


Percentage  by  weight. 

Grams  per  litre. 

Twad- 

Sp.  Gr. 

dell. 

HNO3. 

NaOj, 

HNO3. 

N2O5. 

91 

1-455 

78-75 

67-50 

1146 

982-4 

92 

1-46 

80-13 

68-68 

1170 

1003 

93 

1-465 

81-52 

69-87 

1195 

1024 

94 

1-47 

82-90 

71-05 

1219 

1045 

95 

1-475 

84-28 

72-24 

1243 

1066 

96 

1-48 

85-66 

73-43 

1268 

1087 

97 

1-485 

87-05 

74-61 

1293 

1108 

98 

1-49 

88-43 

75-80 

1318 

1130 

99 

1-495 

89-82 

76-98 

1343 

1151 

100 

1-50 

91-20 

78-18 

1368 

1173 

101 

1-505 

92-66 

79-43 

1394 

1195 

102 

1-51 

94-13 

80-69 

1421 

1218 

103 

1-515 

95-59 

81-94 

1448 

1241 

104 

1-52 

97-06 

83-20 

1475 

1264 

105 

1-525 

98-53 

84-46 

1502 

1287 

106 

1-63 

100-00 

85-71 

1530 

1311 
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MATHEMATICS. 

(i)  Arithmetic  and  Mensuration,  (2)  Algebra, 
(3)  Euclid  and  Elementary  Geometry,  (4)  Trigo- 
nometry, (5)  HigherMathematics. 

ARITHMETIC.  AND  MENSURATION. 

Aldis.— THE  GREAT  GIANT  ARITHMOS.  A  most  Elementary 
Arithmetic  for  Childn  n.  By  Mary  Steadman  Alois.  With 
Illustrations.     Globe  Svo.     2s.  6d. 

Brook- Smith  (J.).— ARITHMETIC  IN  THEORY  AND 
PRACTICE.  By  J.  Brook-Smith,  M.A.,  LL.B.,  St.  John's 
College,  Cambridge ;  Barrister-at-Law ;  one  of  the  Masters  of 
Chelteniiam  College.    New  Edition,  revised.    Crown  Svo.    4^.  6d. 

Candler. — help  to  arithmetic.  Designed  for  the  use  of 
Schools.  By  H.  Candler,  M.A.,  Mathematical  Master  of 
Uppingham  School.     Second  Edition.     Extra  fcap.  Svo.     2s.  6d^ 

Dalton.^RULES  and  examples  in" arithmetic.    By 

the  Rev.  T.  DaLton,  M.A.,  Assistant- Master  in  Eton  College. 
New  Edition.     iSmo.     2J.  6d.     . 

[Answers  to  the  Examples  are  appended. 

Lock. — ARITHMETIC  FOR  SCHOOLS.  By  Rev.  J.  B.  Lock, 
M.A.,  Senior  Fellow,  Assistant  Tutor,-  and  Lecturer  of  Caius 
College,  Cambridge,  formerly  Assistant-Master  at  Eton.  With 
Answers  and  looo  additional  Examples  for  Exercises.  Globe  Svo. 
4r.  dd.  Or  in  Two  Parts  :^Part  I.  Up  to  and  including  Practice, 
with  Answers.  Globe  Svo.  is.  Part  11.  •  With  Answers  and 
1000  additional  Examples  for  Exercise.  Globe  Svo.  3J. 
•^*   The  complete  book  and  both  parts  can  also  be  obtained  without 

answers  at  the  same  price,  though,  in  dij/lrent  binding.     But  the  edition 

with  answers  will  always  be  supplied  unless  the  other  is  specially  asked /or. 

Pedley. — EXERCISES    IN    ARITHMETIC    for    the    Use    of 
Schools.      Containint;  more  than  7,ocx)  original  Examples.      By 
S.  Pedley,  late  of  Tamworth  Grammar  Schojl.    Crown  Svo.    $s. 
Also  in  Two  Parts  2s.  6d.  each. 


MATHEMATICS. 


Smith. — Works  by  the  Rev.  Barnard  Smith,  M.A.,  late  Rector 

of  Glaston,  Rutland,  and  Fellow  and  Senior  Bursar  of  S.  Peter's 

College,  Cambridge. 
ARITHMETIC  AND  ALGEBRA,  in  their  Principles  and  AppU- 

cation ;    with  numerous  systematically  arranged  Examples  taken 

from  the  Cambridge  Examination  Papers,  with  especial  reference 

to  the  Ordinary  Examination  for  the  B.A.  Degree.     New  Edition, 

carefully  Revised.     Crown  8vo.     los.  6d. 
ARITHMETIC   FOR  SCHOOLS.     New  Edition.     Crown  8vo. 

4r.  6</. 
A   KEY    TO    THE  ARITHMETIC   FOR  SCHOOLS.      New 

Edition.     Crown  8vo.     Ss.  6</. 
EXERCISES  IN  ARITHMETIC.     Crown  8vo,  limp  cloth,  2s. 

With  Answers,  2s.  (>d.     An-wers  separately,  dd. 
SCHOOL  CLASS-BOOK  OF  ARITHMETIC.    i8mo,   cloth.   31, 

Or  sold  separately,  in  Three  Parts,  \s.  each. 
KEYS    TO    SCHOOL    CLASS-BOOK    OF    ARITHMETIC. 

Parts  I.,  IL,  and  HI.,  is.  dd.  each. 
SHILLING    BOOK    OF    ARITHMETIC    FOR    NATIONAL 

AND  ELEMENTARY  SCHOOLS.      i8mo,  cloth.      Or  sepa- 

rately,  Part  I.  2.d.  ;  Part  II.  3^/.  ;  Part  III.  7^.     Answers,  6d. 
THE  SAME,  with  Answers  complete,     i8mo,  cloth,     u.  dd. 
KEY  TO  SHILLING  BOOK  OF  ARITHMETIC.    iSmo.  4J.  6rf. 
EXAMINATION  PAPERS  IN  ARITHMETIC.     i8mo.     \s.  td. 

The  same,  with  Answers,  i8mo,  zs.     Answers,  dd. 
KEY    TO    EXAMINATION    PAPERS    IN    ARITHMETIC. 

i8mo.    4J.  dd. 
THE    METRIC    SYSTEM    OF    ARITHMETIC,   ITS    PRIN- 

CIPLES   AND    APPLICATIONS,  with  numerous  Examples, 

written  expressly  for  Standard  V.   in  National  Schools.     New 

Edition.     iSmo,  cloth,  sewetl.     3</. 
A  CHART  OF  THE  METRIC  SYSTEM,  on  a  Sheet,  size  42  in. 

by   34  in.   on    Roller,    mounted   and   varnished.     New   Edition. 

Price  3^.  dd. 
Also  a  Small  Chart  on  a  Card,  price  \d. 
EASY   LESSONS   IN   ARITHMETIC,  combinino;  Exercises  in 

Reading,  Writing,  Spelling,  and  Dictation.     Part  I.  for  Standard 

I.  in  National  Sdiools.     Crown  8vc.     9^/. 
EXAMINATION  CARDS  IN  ARITHMETIC.     (Dedicated  to 

Lord  Sandon.)     With  Answers  and  Hints. 
Standards  I.  and  II.  in  box,  \s.     Standards  III.,  IV.,  and  V.,  in 

boxes,  \s.  each.  Standard  VI.  in  Two  Parts,  in  boxes,  \s.  each. 
A  and  B  papers,  of  nearly  the  same  difficulty,  are  given  so  as  to 
prevent  copying,  and  the  colours  of  the  A  and  B  papers  differ  in  each 
Standard,  and  from  those  of  every  other  Standard,  so  that  a  master 
or  mistress  can  see  at  a  glance  whether  the  children  have  the  proper 
papers. 

h  a 
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Todhunter. — MENSURATION  FOR  BEGINNERS.  By  L 
ToDHUNTER,  M.A.,  F.R.S.,  D.Sc,  late  of  St.  John's  College, 
Cambridge.  With  Examples.  New  Edition.  i8mo.  2s.  6d. 
KEY  TO  MENSURATION  FOR  BEGINNERS.  By  the  Rev. 
Fr.  Lawrence  McCarthy,  Professor  of  Mathematics  in  St. 
Peter's  College,  Agra.     Crown  8vo.     7^.  6d. 

,  ^  ALGEBRA. 

Dalton.— RULES  and  examples  in  algebra.    By  the 

Rev.    T.    Dalton,    M.A.,    Assistant-Master    of    Eton   College. 
Part  I.     New  Edition.      i8mo.     2s.     Part  II.     iSmo.     2s.  6d. 
A  Key  to  Part  I.  is  just  ready. 

Jones  and  Cheyne.— algebraical  exercises.  Pro- 
gressively Arranged.  By  the  Rev.  C.  A.  Jones,  M.A.,  and  C. 
H.  Cheyne,  M.A.,  F.R.A.S.,  Mathematical  Masters  of  West- 
minster School.     New  Edition.      iSmo.     2s.  6d. 

Hall    and    Knight.— elementary   algebra   for 

SCHOOLS.  By  H.  S.  Hall,  M.A.,  formerly  Scholar  of  Christ's 
College,  Cambridge,  Master  of  the  Military  and  Engineering  Side, 
Clifton  College;  and  S.  R.  Knight,  B.A.,  formerly  Scholar  of 
Trinity  College,  Cambridge,  late  Assistant-Master  at  Marlborough 
College.  Second  Edition,  Revised  and  Corrected.  Globe  Svo, 
bound  in  maroon  coloured  cloth,  3J.  6d. ;  with  Answers,  bound  in 
green  coloured  cloth,  4J.  6d. 

ALGEBRAICAL  EXERCISES  and  EXAMINATION  PAPERS. 
To  accompany  ELEMENTARY  ALGEBRA.  By  the  same 
Authors.     Globe  Svo.     2s.  dd. 

HIGHER  ALGEBRA.  A  Sequel  to  "ELEMENTARY 
ALGEBRA  FOR  SCHOOLS."  By  the  same  Authors. 
Crown  Svo.  \In  preparation. 

Smith  (Barnard) — arithmetic  and  algebra,  in  their 

Principles  and  Application  ;  with  numerous  systematically  arranged 
Examples  taken  from  the  Cambridge  Examination  Papers,  with 
especial  reference  to  the  Ordinary  Examination  for  the  B.  A.  Degree. 
By  the  Rev.  Barnard  Smith,  M.  A.,  late  Rector  of  Glaston,  Rut- 
land, and  Fellow  and  Senior  Bursar  of  St.  Peter's  College,  Cam- 
bridge.    New  Edition,  carefully  Revised.     Crown  Svo.     \os.  6d. 

Smith  (Charles).— Works  by  Charles  Smith,  M.A.,  Fellow 
and  Tutor  of  Sidney  Sussex  College,  Cambridge. 

ELEMENTARY  ALGEBRA.     Globe  Svo.     ^.Sd. 

In  this  work  the  author  has  endeavoured  to  explain  the  principles  of  Algebra  in  as 
simple  a  manner  as  possible  for  the  benefit  of  beginners,  bestowing  great  care  upon 
the  explanations  and  proofs  of  the  fundamental  operations  and  rules. 

ALGEBRA  FOR  SCHOOLS  AND  COLLEGES.     [In  the  press. 


MATHEMATICS. 


Todhunter.— Works  by  I.  Todhunter,  M.A.,  F.R.S.,  D.Sc, 

late  of  St.  John's  College,  Cambridge. 

"  Mr.  Todhunter  is  chiefly  known  to  Students  of  Mathematics  as  the  author  of  a 

series  ot  admirable  mathematical  text-books,  which  possess  the  rare  qualities  of  being 

clear  in  style  and  absolutely  free  from  mistakes,  typographical  or  other." — Saturday 

Review. 

ALGEBRA    FOR    BEGINNERS.     With    numerous    Examples. 

New  Edition.     i8mo.     2s.  6d. 
KEY  TO  ALGEBRA  FOR  BEGINNERS.    Crown  8vo.    6s.  6J. 
ALGEBRA.     For  the  Use  of  Colleges  and  Schools.     New  Edition. 

Crown  8vo.     Js.  6d. 
KEY  TO  ALGEBRA  FOR  THE  USE  OF  COLLEGES  AND 
SCHOOLS.     Crown  Svo.     loj.  6d. 


EUCLID,  &  ELEMENTARY  GEOMETRY. 

Constable. — GEOMETRICAL  EXERCISES  FOR  BE- 
GINNERS.    By  Samuel  Constable.    Crown  Svo.     3J.  6d, 

Cuthbertson. — EUCLIDIAN  GEOMETRY.  By  Francis 
CuTHBERTSON,  M.A.,  LL.D.,  Head  Mathematical  Master  of  the 
City  of  London  School.     Extra  fcap.  Svo.     4?.  6J. 

Dodgson. — Works  by  Charles  L.  Dodgson,  M.A.,  Student  and 
late  Mathematical  Lecturer  of  Christ  Church,  Oxford. 
EUCLID.    BOOKS  I.  and  II.     Fourth  Edition,  with  words  sub- 
stituted for  the  Algebraical   Symbols  used  in  the  First  Edition. 
Crown  Svo.     2s. 
•»*  The  text  of  this  Edition  has  been  ascertained,  by  counting  the  words,  to  b« 

Uss  than  five-sevenths  of  that  contained  in  the  ordinary  edition-s. 

EUCLID    AND   HIS    MODERN   RIVALS.     Second    Edition. 
Crown  Svo.     6j. 

Eagles.— CONSTRUCTIVE  GEOMETRY  OF  PLANE 
CURVES.  By  T.  H.  Eagles,  M.A.,  Instructor  in  Geometrical 
Drawing,  and  Lecturer  in  Architecture  at  the  Royal  Indian  En- 
gineering College,  Cooper's  Hill.  With  numerous  Examples. 
Crown  Svo.      lis. 

Hall    and    Stevens. — a  text   BOOK  OF    EUCLID'S 

ELEMENTS.  Including  alternate  proofs,  together  with  additional 
Theorems  and  Exercises,  classified  arid  arranged.  By  H.  S. 
Hall,  M.A.,  and  F.  H.  Stevens,  M.A.,  Assistant-Masters  in 
Clifton  College.     Globe  Svo. 

•»•  Part  /.,  containing  Books  I.  and  II.  ^  will  be  published  before  the  end 
of  the  year.     Price  is. 

Halsted.— THE  elements  of  geometry.  By  George 
BRUCE  HALSTED,  Prufessor  of  Pure  and  Applied  Mathe- 
matics in  the  University  of  Texas.     Svo.     izr.  dd. 
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Kitchener.— A  GEOMETRICAL  NOTE-BOOKl,  containing 
Easy  Problems  in  Geometrical  Drawing  preparatory  to  the  Study 
of  Geometry.  For  the  Use  of  Schools.  By  F.  E.  Kitchener, 
M.A.,  Head-Master  of  the  Grammar  School,  Newcastle,  Stafford- 
shire.    New  Edition.     410.     2j. 

Mault.— NATURAL     GEOMETRY:    an    Introduction    to    the 
Logical    Study   of    Mathematics.     For    Schools    and    Technical 
Classes.     With   Explanatory   Models,    based    upon    the    Tachy- 
metrical  works  of  Ed,  Lagout.     By  A.  Mault.     i8mo.      is. 
Models  to  Illustrate  the  above,  in  Box,  I2s.  6d, 

Snowball.— THE  elements  of  plane  and  spheri- 
cal TRIGONOMETRY.  By  J.  C.  Snowball,  M.A.  Four- 
teeenth  Edition.     Crown  8vo.     Ts.  6d. 

Syllabus  of  Plane  Geometry  (corresponding  to  Euclid, 

Books  I. — VL).     Prepared  by  the  Association  for  the  Improve- 
ment of  Geometrical  Teaching.     New  Edition."     Crown  8vo.     is. 

Todhunter. — the  elements  of  EUCLID.  For  the  Use 
of  Collegesand  Schools.  By  I.  Todhunter,  M.  A.,  F.R.S.,  D.Sc, 
of  St.  John's  College,  Cambridge.  New  Edition.  iSmo.  3^.  bd. 
KEY  TO  EXERCISES  IN  EUCLID.     Crown  8vo.     6^.  6d. 

Wilson  (J.  M.). — ELEMENTARY  GEOMETRY.  BOOKS 
I. — V.  Containing  the  Subjects  of  Euclid's  first  Six  Books.  Fol- 
lowing the  Syllabus  of  the  Geometrical  Association.  By  the  Rev. 
J.  M,  Wilson,  M.A.,  Head  Master  of  Clifton  College.  New 
Edition.     Extra  fcap.  8vo.     4?.  dd. 

TRIGONOMETRY. 

Beasley. — AN   elementary  treatise  on  plane 

TRIGONOMETRY.     With  Examples.      By  R.  D.  Beasley, 
I        M.A.     Ninth  Edition,  revised  and  enlarged.    Crown  8vo.    3^.  6i. 

Lock. — Works  by  Rev.  J.  B.  LoCK,  M.  A.,  Senior  Fellow,  Assistant 
Tutor  and  Lecturer  in  Mathematics,  of  Gonvilleand  Caius  College, 
Cambridge  ;  late  Assistant-Master  at  Kton. 
TRIGONOMETRY  FOR  BEGINNERS,  as  far  as  the  Solution  of 

Triangles.     Globe  8vo.     2s.  6d. 
ELEMENTARY  TRIGONOMETRY.      Fourth  Edition  (in  this 
edition  the  chapter   on   logarithms   has  been  carefully  revised). 
Globe  8vo.     ^s.  6d. 
Mr.  E.  J.  RouTH  writes :— "  It  is  an  able  treatise.     It  takes  the  difficulties  of  the 
subject  one  at  a  time,  and  so  leads  the  young  student   easily  along." 

HIGHER  TRIGONOMETRY.     Globe  8vo.     4^.  6d. 
Both  Parts  complete  in  One  Volume.     Globe  8vo.     ^s.  6d. 
(See  also  under  Arithmeiic.) 
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M'Clelland  and  Preston—A  TREATISE  ON  SPHERICAL 

TRIGONOMETRY.     With  numerous  Examples.     By  William 

J.  M'Clelland,  Sch.B.A.,  Principal  of  the  Incorporated  Society's 

School,  Santry,  Dublin,  and  Thomas  Preston,  Sch.B.A.      In 

Two   Parts.     Crown   8vo.     Part   I.  To  the  End  of  Solution  of 

Triangles,  4J.  6d.     Part  II.,  $s. 
Todhunter. — Works  by  I.  ToDHUNTER,  M.A.,  F.R.S.,  D.Sc, 

late  of  St.  John's  College,  Cambridge. 
TRIGONOMETRY     FOR     BEGINNERS.       With      numerous 

Example".     New  Edition.     i8mo.     2s.  6(i. 
KEY  TO  TRIGONOMETRY  FOR  BEGINNERS.     Crown  8vo. 

8^.  6d. 
PLANE  TRIGONOMETRY.      For  Schools  and  Colleges.      New 

Edition.     Crown  8vo.     <fS. 
KEY  TO  PLANE  TRIGONOMETRY.     Cro\vn  8vo.     lor.  6d: 
A  TREATISE  ON   SPHERICAL  TRIGONOMETRY.     New 

Edition,  enlarged.     Crown  Svo.     45-.  6d. 
(See  also  under  Ariihmetic  and  Mensuration^  Algehra^  and  Higher^ 
Mathematics.)  ^ 

HIGHER  MATHEMATICS. 

Airy. — WorksbySirG.B.  Airy.K.C.B.,  formerly  Astronomer- Royal. 

ELEMENTARY  TREATISE  ON  PARTIAL  DIFFERENTIAL 
EQUATIONS.  Designed  for  the  Use  of  Students  in  the  Univer- 
sities.    With  Diagrams.     Second  Edition.     Crown  Svo.     55.  dd. 

ON  THE  ALGEBRAICAL  AND  NUMERICAL  THEORY 
OF  ERRORS  OF  OBSERVATIONS  AND  THE  COMBI- 
NATION OF  OBSERVATIONS.  Second  Edition,  revised. 
Crown  Svo.  6j.  6^. 
Alexander  (T.).— ELEMENTARY  APPLIED  MECHANICS. 
Being  the  simpler  and  more  practical  Cases  of  Stress  and  Strain 
wrought  out  individually  from  first  principles  by  means  of  Elemen- 
tary Mathematics.  By  T.  Alexander,  C.E.,  Professor  of  Civil 
Engineering  in  the  Imperial  College  of  Engineering,  Tokei, 
Japan.     Part  I.     Crown  Svo.     4/.  (>d. 

Alexander  and  Thomson. — ELEMENTARY  APPLIED 
MECHANICS.  By  Thomas  Alexander,  C.E.,  Professor  of 
Engineering  in  the  Imperial  College  of  Engineering,  Tokei,  Japan  ; 
and  Arthur  Watson  Thomson,  C.E.,  B.Sc,  Professor  of 
Engineering  at  the  Royal  College,  Cirencester.  Part  II.  Trans- 
verse Stress.     Crown  Svo.     lox.  dd, 

Boole.— THE  CALCULUS  OF  FINITE  DIFFERENCK*^. 
By  G.  Boole,  D.C.L.,  F.R.S.,  late  Professor  of  Mathematics  in 
the  Queen's  University,  Ireland.  Third  Edition,  revised  by 
J.  F.  Moulton.     Crown  Svo.     ioj.  (xL 
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Cambridge  Senate-House  Problems  and  Riders, 
with  Solutions : — 

1875— PROBLEMS   AND   RIDERS.     By  A.   G.    Greenhill, 
M.A.     Crown  8vo.     8j.  dd. 

1878— SOLUTIONS  OF  SENATE-HOUSE  PROBLEMS.  B^ 
the  Mathematical  Moderators  and  Examiners.  Edited  by  J.  W.  L, 
Glaisher,  M.A.,  Fellow  of  Trinity  College,  Cambridge.  I2j. 
Carll.— A  TREATISE  ON  THE  CALCULUS  OF  VARIA- 
TIONS. Arranged  with  the  purpose  of  Introducing,  as  well  as 
Illustrating,  its  Principles  to  the  Reader  by  means  of  Problems, 
and  Designed  to  present  in  all  Important  Particulars  a  Complete 
View  of  the  Present  State  of  the  Science.  By  Lewis  Buffett 
Carll,  A.M.     Demy  8vo.     21  j. 

Cheyne. — an  elementary  treatise  on  the  plan- 
etary THEORY.  By  C.  H.  H.  Cheyne,  M.A.,  F.R.A.S. 
With  a  Collection  of  Problems.  Third  Edition.  Edited  by  Rev. 
A.  Freeman,  M.A.,  F.R.A.S.     Crown  8vo.     'js.  6d. 

Christie. — a  collection  of   elementary  test- 

QUESTIONS  IN  PURE  AND  MIXED  MATHEMATICS ; 
with  Answers  and  Appendices  on  Synthetic  Division,  and  on  the 
Solution  of  Numerical  Equations  by  Horner's  Method.  By  James 
R.  Chrisiie,  F.R.S.,  Royal  Military  Academy,  Woolwich. 
Crown  8vo.     8j.  dd. 

Clausius.— MECHANICAL  THEORY  OF  HEAT.  By  R. 
Clausius.  Translated  by  Walter  R.  Browne,  M.A.,  late 
Fellow  of  Trinity  College,  Cambridge.     Crown  8vo.     ioj.  dd. 

Clifford. — THE  ELEMENTS  OF  DYNAMIC  An  Introduction 
to  the  Study  of  Motion  and  Rest  in  Solid  and  Fluid  Bodies.  By  W. 
K.  Clifford,  F.R.S.,  late  Professor  of  Applied  Mathematics  and 
Mechanics  at  University  College,  London.  Part  I. — KINEMATIC. 
Crown  8vo.     is.  6d. 

Cockshott  and  Walters. — a  TREATISE  ON  GEOMETRI- 
CAL  CONIC  SECTIONS.  By  Arthur  Cockshott,  M.A., 
Assistant-Master  at  Eton,  and  F.  B.  Walters,  M.A.,  Principal 
of  King  William's  College,  Isle  of  Man.     Crown  8vo. 

[/«  preparation. 

Cotterill. — applied  MECHANICS  :  an  Elementary  General 
Introduction  to  the  Theory  of  Structures  and  Machines.  By 
James  H.  Cotterill,  F.R.S.,  Associate  Member  of  the  Council 
of  the  Institution  of  Naval  Architects,  Associate  Member  of  the 
Institution  of  Civil  Engineers,  Professor  of  Applied  Mechanics  in 
the  Royal  Naval  College,  Greenwich.     Medium  8vo.     i8j. 

Day  (R.  E.)  —ELECTRIC  LIGHT  ARITHMETIC.  By  R.  E. 
Day,  M.A.,  Evening  Lecturer  in  Experimental  Physics  at  King's 
College,  London.     Pott  8vo.     2j. 
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Drew.— GEOMETRICAL  TREATISE  ON  CONIC  SECTIONS. 
By  W.  H.  Drew,  M.A.,  St.  John's  College,  Cambridge.  New 
Edition,  enlarged.     Crown  8vo.     5^. 

Dyer.— EXERCISES  IN  ANALYTICAL  GEOMETRY.  Com' 
piled  and  arranged  by  J.  M.  Dyer,  M.A.,  Senior  Mathematical 
Master  in  the  Classical  Department  of  Cheltenham  College.  With 
Illustrations.     Crown  8vo.     4$-.  6i/. 

Eagles.— CONSTRUCTIVE  GEOMETRY  OF  PLANE 
CURVES.  ByT.  H.  Eagles,  M.A.,  Instructor  in  Geometrical 
Drawing,  and  Lecturer  in  Architecture  at  the  Royal  Indian  En- 
gineering College,  Cooper's  Hill.  With  numerous  Examples. 
Crown  8vo.     12s. 

Edgar  (J.  H.)  and  Pritchard  (G.  S.). — NOTE-BOOK  ON 
PRACTICAL  SOLID  OR  DESCRIPTIVE  GEOMETRY. 
Containing  Problems  with  help  for  Solutions.  By  J.  H.  Edgar, 
M.A.,  Lecturer  on  Mechanical  Drawing  at  the  Royal  School  of 
Mines,  and  G.  S.  Pritchard.  Fourth  Edition,  revised  by 
Arthur  Meeze.    Globe  Svo.    4^.  6d. 

Edwards.— AN  ELEMENTARY  TREATISE  ON  THE  DIF- 
FERENTIAL CALCULUS.  With  Applications  and  numerous 
Examples.  By  Joseph  Edwards,  M.A.,  formerly  Fellow  of 
Sidney  Sussex  College,  Cambridge.     Crown  Svo.       [/«  the  press. 

Ferrers. — Works  by  the  Rev.  N.  M.  Ferrers,  M.A.,  Master  of 
Gonville  and  Caius  College,  Cambridge. 
AN  ELEMENTARY  TREATISE  ON  TRILINEAR  CO- 
ORDINATES, the  Method  of  Reciprocal  Polars,  and  the  Theory 
of  Projectors.  New  Edition,  revised.  Crown  Svo.  6j.  dd. 
AN  ELEMENTARY  TREATISE  ON  SPHERICAL  HAR 
MONICS,  AND  SUBJECTS  CONNECTED  WITH 
THEM.     Crown  Svo.     ^s.  dd. 

Forsyth,— A  TREATISE  ON  DIFFERENTIAL  EQUA- 
TIONS. By  Andrew  Russell  Forsyth,  M.  A.,  F.R.S.,  Fellow 
and  Assistant  Tutor  of  Trinity  College,  Cambridge.     Svo.     14J. 

Frost. — Works  by  Percival  Frost,  M.  A.,  D.Sc,  formerly  Fellow 
of   St.   John's   College,    Cambridge  ;    Mathematical    Lecturer  at 
King's  College. 
AN  ELEMENTARY  TREATISE  ON  CURVE  TRACING.    By 

Percival  Frost,  M.A.     Svo.     12. 
SOLID  GEOMETRY.     Thirxl  Edition.     Demy  Svo.     i6j. 

Greaves. — a  treatise  on  elementary  statics.  By 

John  Greaves,  M.A.,    Fellow  and   Mathematical   Lecturer  o 
Christ's  College,  Cambridge.     Crown  Svo.     ds,  f^d. 
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GreenhiU.— DIFFERENTIAL    and    integral    CAL- 

CULUS.  "With  Applications.  By  A.  G.  Greenhill,  M.A., 
Professor  of  Mathematics  to  the  Senior  Class  of  Artillery  Officers, 
"Woolwich,  and  Examiner  in  Mathematics  to  the  University  of 
London.     Crown  8vo.     7^.  dd. 

Hemming. — an   elementary   treatise   on  the 

DIFFERENTIAL  AND  INTEGRAL  CALCULUS,  for  the 
Use  of  Colleges  and  Schools.  By  G.  "W.  Hemming,  M.A., 
Fellow  of  St.  John's  College,  Cambridge.  Second  Edition,  with 
Corrections  and  Additions.    8vo.     9^. 

Ibbetson. — the  mathematical  theory  of  per- 
fectly elastic  solids,  with  a  short  account  of  Viscous 
Fluids.  An  Elementary  Treatise.  By  William  John  Ibbetson, 
B.A.,  F.R.A.S.,  Senior  Scholar  of  Clare  College,  Cambridge. 
8vo.  \In  the  press, 

Jellet  (John  H.).— a  treatise  on  the  theory  of 

FRICTION.  By  John  H.  Jellet,  B.D.,  Provost  of  Trinity 
College,  Dublin;  President  of  the  Royal  Irish  Academy.  8vo. 
8j.  6^. 

Johnson. — Works  by  William  Woolsey  Johnson,  Professor  of 
Mathematics  at  the  U.S.  Naval  Academy,  Annopolis,  Maryland. 

INTEGRAL  CALCULUS,  an  Elementary  Treatise  on  the; 
Founded  on  the  Method  of  Rates  or  Fluxions.     Demy  8vo.     %s. 

CURVE  TRACING  IN  CARTESIAN  CO-ORDINATES. 
Crown  8vo.     4J.  dd. 

Kelland  and  Tait. — INTRODUCTION  TO  QUATER- 
NIONS,  with  numerous  examples.  By  P.  Kelland,  M.A., 
F.R.S.,  and  P.  G.  Tait,  M.A.,  Professors  in  the  Department  of 
Mathematics  in  the  University  of  Edinburgh.  Second  Edition. 
Crown  8vo.     *j's.  6d. 

Kempe.— HOW  TO  DRAW  A  STRAIGHT  LINE:  a  Lecture 
on  Linkages.  By  A.  B.  Kempk.  With  Illustrations.  Crown  8vo. 
is.  6d.     {Nature  Series.) 

Kennedy.— THE  MECHANICS  OF  MACHINERY.  By  A. 
B.  W.  Kennedy,  M.Inst.C.E.,  Professor  of  B'ngineering  and 
Mechanical  Technolo^'y  in  University  College,  London.  With 
Illustrations.     Crown  8vo.  \Nearly  ready. 

Knox.— DIFFERENTIAL  CALCULUS  FOR  BEGINNERS. 
By  Alexander  Knox.     Fcap.  8vo.     3^.  dd. 

Lupton. — CHEMICAL  ARITHMETIC.  With  1,200  Examples. 
By  Sydney  Lupton,  M.A.,  F.C.S.,  F.I.C,  formerly  Assistant 
Master  in  Harrow  School.     Second  Edition.     Fcap.  8vo.    4J.  td. 
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Macfarlane,— PHYSICAL  ARITHMETIC.  By  Alexander 
Macfarlane,  M.  a,,  D.Sc,  F.R.S.E.,  Examiner  in  Mathematics 
to  the  University  of  Edinburgh.     Crown  8vo.     "js.  6d. 

Merriman.— ATEXTBOOK  OF  THE  METHOD  OF  LEAST 
SQUARES.  By  Mansfield  Merriman,  Profes'^or  of  Civil 
Engineering  at  I^ehigh  University,  Member  of  the  American 
Philosophical  Society,  American  Association  for  the  Advancement 
of  Science,  American  Society  of  Civil  Engineers'  Club  of  Phila- 
delphia, Deutschen  Geometervereins,  &c.     Demy  8vo.     8j.  6d. 

Millar. — elements  of  descriptive  geometry.    By 

J.B.  Millar,  C.E.,  Assistant  Lecturer  in  Engineering  in  Owens 
College,  Manchester.     Crown  Svo.     6s. 

Milne.— WEEKLY  PROBLEM  PAPERS.  With  Notes  intended 
for  the  use  of  students  preparing  for  Mathematical  Scholarships, 
and  for  the  Junior  Members  of  the  Universities  who  are  reading 
for  Mathematical  Honours.  By  the  Rev.  John  J.  Milne,  M.A., 
late  Second  Master  of  Heversham  Grammar  School,  Member  of  the 
London  Mathematical  Society,  Member  of  the  Association  for  the 
Improvement  of  Geometrical  Teaching.     Pott  Svo.     4J-.  6ci. 

SOLUTIONS  TO  WEEKLY  PROBLEM  PAPERS.  By  the 
same  Author.     Crown  Svo.     los.  6d. 

COMPANION  TO  "WEEKLY  PROBLEM  PAPERS.*'  By 
the  same  Author.     Crown  Svo.  [/«  the  press. 

Muir.— A  TREATISE  ON  THE  THEORY  OF  DETERMI- 
NANTS. With  graduated  sets  of  Examples.  For  use  in 
Colleges  and  Schools.  By  Tiios.  MuiR,  M.A.,  F.R.S.E., 
Mathematical  Master  in  the  High  School  of  Glasgow.  Crown 
8vo.     'js.  6d. 

Parkinson.— AN  ELEMENTARY  TREATISE  ON  ME- 
CIIANICS.  For  the  Use  of  the  Junior  Classes  at  the  University 
and  the  Higher  Classes  in  Schools.  By  S.  Parkinson,  D.D., 
F.R.S.,  Tutor  and  Fnclector  of  St.  John's  College,  Cambridge. 
With  a  Collection  of  PLxamples.  Sixth  Edition,  revised.  Crown 
Svo.     gs.  6d. 

Pirie.— LESSONS  ON  RIGID  DYNAMICS.  By  the  Rev.  G. 
I'lRiE,  M.A.,  late  Fellow  and  Tutor  of  Queen's  College,  Cam- 
bridge; Professor  of  Mathematics  in  the  University  of  Aberdeen. 
Crown  Svo.     dr. 

Puckle.— AN  ELEMENTARY  TREATISE  ON  CONIC  SEC- 
TIONS AND  ALGEBRAIC  GEOMETRY.  With  Numerous 
Examples  and  Hints  for  their  Solution  ;  especially  designed  for  the 
Use  of  Beginners.  By  G.  U.  Puckle,  M.A.  Filth  Edition, 
revised  and  enlarged.     Crown  Svo.     7^.  6J. 
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Reuleaux.~THE  KINEMATICS  OF  MACHINERY.  Out- 
lines  of  a  Theory  of  Machines.  By  Professor  F.  Reuleaux. 
Translated  and  Edited  by  Professor  A.  B.  W.  Kennedy,  C.E. 
With  450  Illustrations.     Medium  8vo.     2ls. 

Rice  and  Johnson — DIFFERENTIAL    CALCULUS,   an 

Elementary  Treatise  on  the  ;  Founded  on  the  Method  of  Rates  or 
Fluxions,  By  John  Minot  Rice,  Professor  of  Mathematics  in 
the  United  States  Navy,  and  William  Woolsey  Johnson,  Pro- 
ftshor  of  Mathematics  at  the  United  States  Naval  Academy. 
Third  Edition,  Revised  and  Corrected.  Demy  8vo.  i6s. 
Abridged  Edition,  8j. 

Robinson. — treatise  ON  MARINE  SURVEYING.     Pre- 
pared  for  the  use  of  younger  Naval  Officers.     With  Questions  for 
Examinations  and  Exercises  principally  from  the  Papers  of  the 
Royal  Naval  College.     With  the  results.      By  Rev.   John   L. 
Robinson,  Chaplain  and  Instructor  in  the  Royal  Naval  College, 
Greenwich.     With  Illustrations.     Crown  8vo.     "js.  6d. 
Contents.— Symbols  used  in  Charts  and  Surveying— The  Construction  and   Use 
of  Scales — Laying  ofif  Angles — Fixing   Positions   by   Angles  —  Charts  and  Chart- 
Drawing— Instruments    and   Observing  —  Base     Lines— Tnangulation — Levelling— 
Tides    and    Tidal     Observations— Soundings — Chronometers — Meridian     Distances 
—Method  of  Plotting  a  Survey — Miscellaneous  Exercises — Index. 

Routh. — Works  by    Edward   John    Routh,    D.Sc,    LL.D., 

F.R.S.,  Fellow  of  the  University  of  London,  Hon.  Fellow  of  St. 

Peter's  College,  Cambridge. 
A  TREATISE  ON  THE  DYNAMICS  OF  THE  SYSTEM  OF 

RIGID    BODIES.       With   numerous    Examples.       Fourth    and 

enlarged  Edition.     Two  Vols.     8vo.     Vol.  I. — Elementary  Parts. 

14J.     Vol.  II.— The  Advanced  Parts.     14J. 
STABILITY   OF   A    GIVEN    STATE    OF   MOTION,    PAR- 

TICULARLY  STEADY  MOTION.     Adams'  Prize  Essay  for 

1877.     8vo.     8j.  6cl. 

Smith   (C). — Works  by  Charles  Smith,    M.A.,    Fellow  and 

Tutor  of  Sidney  Sussex  College,  Cambridge. 
CONIC  SECTIONS.    Fourth  Edition.     Crown  8vo.     ^s,  6d. 
AN   ELEMENTARY  TREATISE  ON   SOLID  GEOMETRY. 

Second  Edition.     Crown  8vo.     9^.  6d.     (See  also  under  Algebra.) 

Tait  and  Steele. — a  treatise  ON  dynamics  of  a 

PARTICLE.  With  numerous  Examples.  By  Professor  TaiT 
and  Mr.  STEELE.  Fifth  Edition,  revised.  Crown  8vo.  12s. 
Thomson. — a  TREATISE  ON  THE  MOTION  OF  VORTEX 
RINGS.  An  Essay  to  which  the  Adams  Prize  was  adjudged  in 
1882  in  the  University  of  Cambridge.  By  J.  J.  Thom.son,  Fellow 
of  Trinity  College,  Cambridge,  and  Professor  of  Experimental 
Physics  in  the  University.     With  Diagrams.     8vo.     6f. 


MATHEMATICS.  13 


Todhunter. — Works  by  I.  ToDHUNTER,  M.A.,  F.R.S.,  D.Sc, 

late  of  St.  John's  College,  Cambridge. 

"  Mr.  Todhunter  is  chiefly  knowii  to  students  of  Mathematics  as  the  author  of  a 

series  of  admirable  mathematical  text-books,  which  possess  the  rare  qualities  of  being 

clear  in   style    and    absolutely  £ree    from  mistakes,  tjrpographical  and   other." — 

Saturday  Review. 

MECHANICS  FOR  BEGINNERS.      With  numerous  Examples. 

New  Edition.     i8mo.     4J.  6d, 
KEY  TO  MECHANICS  FOR  BEGINNERS.  Crown 8vo.  es.Sd. 
AN   ELEMENTARY   TREATISE    ON    THE   THEORY   OF 

EQUATIONS.     New  Edition,  revised.     Crown  8vo.     'js.  6d. 
PLANE  CO-ORDINATE  GEOMETRY,  as  applied  to  the  Straight 

Line  and  the  Conic  Sections.     With  numerous  Examples.     New 

Edition,  revised  and  enlarged.     Crown  8vo.     "js.  6d. 
A  TREATISE  ON  THE  DIFFERENTIAL  CALCULUS.    With 

numerous  Examples.     New  Edition.     Crown  8vo.     loj.  6d. 
A  TREATISE  ON  THE  INTEGRAL  CALCULUS  AND  ITS 

APPLICATIONS.     With  numerous  Examples.      New  Edition, 

revised  and  enlarged.     Crown  8vo.     los.  6d. 
EXAMPLES   OF   ANALYTICAL  GEOMETRY   OF  THREE 

DIMENSIONS.     New  Edition,  revised.     Crown  8vo.     4^. 
A   HISTORY    OF    THE    MATHEMATICAL    THEORY    OF 

PROBABILITY,  from  the  time  of  Pascal   to  that   of  Laplace. 

8vo.     iSs. 
A  HISTORY  OF  THE  MATHEMATICAL  THEORIES  OF 

ATTRACTION,  AND  THE  FIGURE  OF  THE  EARTH, 

from  the  time  of  Newton  to  that  of  Laplace.     2  vols.     8vo.     24J. 
AN  ELEMENTARY  TREATISE  ON  LAPLACE'S,  LAME'S, 

AND  BESSEL'S  FUNCTIONS.     Crown  8vo.     lew.  6d. 
(See  also  under  Arithniftic  and  Mensuration,  Algebra,  and  Trigonomdry. ) 

Wilson  (J.  M.).— SOLID  GEOMETRY  AND  CONIC  SEC 
TIONS.  With  Appendices  on  Transversals  and  Harmonic  Division. 
For  the  Use  of  Schools.  By  Rev.  J.  M.  WiLSON,  M.A.  Head 
Master  of  Clifton  College.    New  Edition.  Extra  fcap.  8vo.  3j.  6^. 

Woolwich    Mathematical   Papers,  for  Admission  into 

the  Royal  Military  Academy,  Woolwich,  1880 — 1884  inclusive. 
Crown  8vo,     3J.  6^. 

Wolstenholme.— MATHEMATICAL  PROBLEMS,  on  Sub- 
jects included  in  the  First  and  Second  Divisions  of  the  Schedule  of 
subjects  for   the   Cambridge   Mathematical   Tripos   Examination. 
Devised  and  arranged  by  Joseph  Wolstenholme,  D.Sc,  late 
■      Fellow  of  Christ's  College,  .sometime  Fellow  of  St.  John's  College, 
I     and  Professor  of  Mathematics  in  the  Royal  Indian  Engineering 
College.     New  Edition,  greatly  enlarged.     8vo.     i8j 
EXAMPLES   FOR   PRACTICE  IN   THE   USE   OF   SEVEN 
FIGURE  LOGARITHMS.  By  the  same  Autho-.  \lft  prtparation. 
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(i)  Natural  Philosophy,  (2)  Astronomy,  (3) 
Chemistry,  (4)  Biology,  (5)  Medicine,  (6)  Anthro- 
pology, (7)  Physical  Geography  and  Geology,  (8) 
Agriculture,  (9)  Political  Economy,  (10)  Mental 
and  Moral  Philosophy. 

NATURAL  PHILOSOPHY. 

Airy. — Works  by  Sir  G.  B.  Airy,  K.C.B.,  formerly  Astronomer- 
Royal. 
ON  SOUND  AND  ATMOSPHERIC  VIBRATIONS.  With 
the  Mathematical  Elements  of  Music.  Designed  for  the  Use  of 
Students  in  the  University.  Second  Edition,  revised  and  enlarged. 
Crown  8vo  gs 
A  TREATISE  ON  MAGNETISM.      Designed  for  the   Use  of 

Students  in  the  University.     Crown  8vo.     gr.  6d, 
GRAVITATION:    an   Elementary  Explanation   of   the  Principal 
Perturbations  in  the  Solar  System.     Second  Edition.     Crown  8vo. 
7J.  6d, 

Alexander  (T.).— ELEMENTARY  APPLIED  MECHANICS. 
Being  the  simpler  and  more  practical  Cases  of  Stress  and  Strain 
wrought  out  individually  from  first  principles  by  means  of  Ele- 
mentary Mathematics.  By  T.  Alexander,  C.E.,  Professor  of 
Civil  Engineering  in  the  Imperial  College  of  Engineering,  Tokei, 
Japan.     Crown  8vo.     Part  I.     4^.  6d. 

Alexander  —  Thomson.  —  ELEMENTARY  APPLIED 
MECHANICS.  By  Thomas  Alexander,  C.E.,  Professor  of 
Engineering  in  the  Imperial  College  of  Engineering,  Tokei,  Japan ; 
and  Arthur  Watson  Thomson,  C.E.,  B.Sc,  Professor  of 
Engineering  at  the  Royal  College,  Cirencester.  Part  IL  Trans- 
VEiiSE  Stress  ;  upwards  of  150  Diagrams,  and  200  Examples 
carefully  worked  out  ;  new  and  complete  method  for  finding,  at 
every  point  of  a  beam,  the  amount  of  the  greatest  bending 
moment  and  shearing  force  during  the  transit  of  any  set  of  loads 
fixed  relatively  to  one  another — e.g.,  the  wheels  of  a  locomotive  ; 
continuous  beams,  &c.,  ci:c.     Crown  8vo.     los.  6d, 

Ball  (R.  S.).— EXPERIMENTAL  MECHANICS.  A  Course  of 
Lectures  delivered  at  the  Royal  College  of  Science  for  Ireland. 
By  Sir  R.  S.  IUll,  M,A.,  Astronomer  Royal  for  Ireland. 
Cheaper  Issue.     Royal  8vo.     los.  6J, 
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Chisholm.— THE  SCIENCE  OF  WEIGHING  AND 
MEASURING.  AND  THE  STANDARDS  OF  MEASURE 
AND  WEIGHT.  By  H.W.  Chisholm,  Warden  of  the  Standards. 
With  numerous  Illustrations.    Crown  8vo.    4;.  6d.  {Nature  SerUs). 

Clausius. — MECHANICAL  THEORY  OF  HEAT.  By  R. 
Clausius.  Translated  by  Walter  R.  Browne,  M.A.,  late 
Fellow  of  Trinity  College,  Cambridge.     Crown  8vo.     loj.  6J. 

Cotterill.— APPLIED  MECHANICS:  an  Elementary  General 
Introduction  to  the  Theory  of  Structures  and  Machines.  By 
James  H.  Cotterill,  F.R.S.,  Associate  Member  of  the  Council 
of  the  Institution  of  Naval  Architects,  Associate  Member  of  the 
Institution  of  Civil  Engineers,  Professor  of  Applied  Mechanics  in 
the  Royal  Naval  College,  Greenwich.     Medium  8vo.     i8j. 

Gumming.— AN  INTRODUCTION  TO  THE  THEORY  OF 
ELECTRICITY.  By  Linn^us  Gumming,  M.A.,  one  of  the 
Masters  of  Rugby  SchooL  With  Illustrations.  Crown  8v6. 
8t.  6J. 

Daniell.— A  TEXT-BOOK  OF  THE  PRINCIPLES  OF 
PHYSICS.  By  Alfred  Daniell,  M.A.,  LL.B.,  D.Sc, 
F.R.S.E.,  late  Lecturer  on  Physics  in  the  School  of  Medicine, 
Edinburgh.  With  Illustrations.  Second  Edition.  Revised  and 
Enlarged.     Medium  8vo.     2IJ. 

Day.— ELECTRIC  LIGHT  ARITHMETIC.  By  R.  E.  Day, 
M.A.,  Evening  Lecturer  in  Experimental  Physics  at  King's 
College,  London.     Pott  Svo.     2s. 

Everett. — UNITS  AND  PHYSICAL  CONSTANTS.  By  J.  D. 
Everett,  M.A.,  D.C.L.,  F.R.S  ,  F.R.S.E.,  Professor  of 
Natural  Philosophy,  Queen's  College,  Belfast.  Second  Edition. 
Extra  fcap,  8vo.     Ss. 

Gray — ABSOLUTE  MEASUREMENTS  IN  ELECTRICITY 
AND  MAGNETISM.  By  Andrew  Gray,  M.A.,  F.R.S.E:, 
Professor  of  Physics  in  the  University  College  of  North  Wales. 
Crown  Svo.  [New  Edition  in  the  press. 

Grove.— A  dictionary  of  music  and  musicians. 

(a.d.  1450 — 1S86).  By  Eminent  Writers,  English  and  Foreign. 
Edited  by  Sir  George  Grove,  D.C.L.,  Director  of  the  Royal 
College  of  Music,  &c.     Demy  8vo. 

Vols.  I.,  II, ,  and  III.     Price  21s.  each. 

Vol.  I.  A  to  IMPROMFfU.  Vol.  II.  IMPROPERIA  to 
PLAIN  SONG.  Vol.  IIL  PLANCHE  TO  SUMER  IS 
ICUMEN  IN.  Demy  Svo.  cloth,  with  Illustrations  in  Music 
Type  and  Woodcut.  Also  published  in  Parts.  Parts  I.  to  XIV., 
Parts  XIX— XXL,  price  y.  6./.  each.  Parts  XV.,  XVI.,  price  ys. 
Parts  XVII.,  XVIIL,  price  7^. 
•*  Dr.  Grove's  Dictionary  will  be  a  boon  to  every  intelligent  bver  of  music." — 
Saturday  Review. 
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Huxley.— INTRODUCTORY  PRIMER  OF  SCIENCE.  By  T. 
H.  Huxley,  F.R.S.,  &c.     i8mo.     is. 

Ibbetson. — the  mathematical  theory  of  per- 
fectly ELASTIC  SOLIDS,  with  a  Short  Account  of  Viscous 
Fluids.  An  Elementary  Treatise.  By  William  John  Ibbetson, 
B.A.,  F.R.A.S.,  Senior  Scholar  of  Clare  College,  Cambridge.  8vo. 

[y«  the  prtss. 

Kempe.— HOW  to  draw  a  straight  line  ;  a  Lecture 
on  Linkages.  By  A.  B.  Kempe.  With  Illustrations.  Crown 
8vo.     I  J.  dd.     {Nature  Series.) 

Kennedy.— THE  mechanics  of  machinery.  By  A.  B. 

W.  Kennedy,  M.lnst.C.E.,  Professor  of  Engineering  and  Mechani- 

!  cal  Technology  in  University  College,  London.     With  numerous 

Illustrations.     Crown  Svo.  [Shortly. 

Lang.— EXPERIMENTAL  PHYSICS.  By  P.  R.  Scott  Lang, 
M.A.,  Professor  of  Mathematics  in  the  University  of  St.  Andrews. 
With  Illustrations.     Crown  Svo.  [/«  the  press. 

Lupton.— NUMERICAL  TABLES  AND  CONSTANTS  IN 
ELEMENTARY  SCIENCE.  By  Sydney  Lupton,  M.A., 
F.C.S.,  F.I.C.,  Assistant  Master  at  Harrow  School.  Extra  fcap. 
Svo.     2s.  6d. 

Macfarlane,— PHYSICAL  ARITHMETIC.    By  Alexander 

Macfarlane,  D.Sc,  Examiner  in  Mathematics  in  the  University 

of  Edinburgh.     Crown  Svo.     7j.  6d. 

Mayer. — sound  :  a  Series  of  Simple,  Entertaining,  and  Inex- 

pensive  Experiments  in  the  Phenomena  of  Sound,  for  the  Use  of 

■.  Students  of  every  age.     By  A.  M.  Mayer,  Professor  of  Physics 

I  in   the  Stevens  Institute  of  Technology,  &c.      With  numerous 

Illustrations.     Crown  Svo.     2s.  6d.     {Nature  Series.) 

Mayer  and   Barnard. — LIGHT  :  a  Series  of  Simple,  Enter, 
taining,  and  Inexpensive  Experiments  in  the  Phenomena  of  Light, 
for  the  Use  of  Students  of  every  age.     By  A.  M.  Mayer  and  C. 
Barnard.     With  numerous  Illustrations.     Crown  Svo.     2s.  6d. 
{Nature  Series.) 

Newton. — PRINCIPIA.  Edited  by  Professor  Sir  W.  THOMSON 
and  Professor  Blackburne.  4to,  cloth,  31^.  6d. 
THE  FIRST  THREE  SECTIONS  OF  NEWTON'S  PRIN- 
CIPIA.  With  Notes  and  Illustrations.  Also  a  Collection  of 
Problems,  principally  intended  as  Examples  of  Newton's  Methods. 
By  Percival  Frost,  M.A.     Third  Edition.     Svo.     12s. 

Parkinson. — A  treatise  on  optics.  By  S.  Parkinson, 
D.D.,  F.R.S.,  Tutor  and  Proelector  of  St.  John's  College,  Cam- 
bridge. Fourth  Edition,  revised  and  enlarged.  Crown  Svo.  los.  (>d. 
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Perry.  —  steam,     an  elementary  treatise.     By 

John  Perry,  C.E.,  Whitworth  Scholar,  Fellow  of  the  Chemical 
Society,  Professor  of  Mechanical  Engineering  and  Applied  Mech- 
anics at  the  Technical  College,  Finsbury.  With  numerous  Wood- 
cuts and  Numerical  Examples  and  Exercises.     i8mo.    4J.  dd. 

Ramsay.—  EXPERIMENTAL  PROOFS  OF  CHEMICAL 
THEORY  FOR  BEGINNERS.  By  William  Ramsay,  Ph.D., 
Professor  of  ChemLitry  in  University  College,  BristoL  Pott  8vo. 
2J.  6d. 

Rayleigh. — THE  THEORY  OF  SOUND.  By  Lord  Rayleigh, 
M.A.,  F.R.S.,  formerly  Fellow  of  Trinity  College,  Cambridge, 
8vo.     Vol.  I.  I2J.  U.     Vol.  II.  I2J.  dd.      IVol.  III.  in  the  press. 

Reuleaux. — THE  KINEMATICS  OF  MACHINERY.  Out- 
lines  of  a  Theory  of  Machines.  By  Professor  F.  Reuleaux. 
Translated  and  Edited  by  Professor  A.  B.  W.  Kennedy,  C.E. 
With  450  Illustrations.     Medium  Svo.     2IJ. 

RoSCOe  and  Schuster — SPECTRUM  ANALYSIS.  Lectures 
delivered  in  1868  before  the  Society  of  Apothecaries  of  London. 
By  Sir  Henry  E.  Roscoe,  LL.D.,  F.R.S.,  Professor  of  Chemistry 
in  the  Owens  College,  Victoria  University,  Manchester.  Fourth 
Edition,  revised  and  considerably  enlarged  by  the  Author  and 
by  Arthur  Schuster,  F.R.S.,  Ph.D.,  Professor  of  Applied 
Mathematics  in  the  Owens  College,  Victoria  University. 
With  Appendices,  numerous  Illustrations,  and  Plates.  Medium 
Svo.  2IJ. 

Shann. — an  ELEMENTARY  TREATISE  ON  HEAT,  IN 
RELATION  TO  STEAM  AND  THE  STEAM-ENGINE. 
By  G.  Shann,  M.A.     With  Illustrations.     Crown  8vo.     a^.  dd. 

Spottiswoode.— POLARISATION  OF  LIGHT.  By  the  late 
W.  Spottiswoode,  F.R.S.  With  many  Illustrations.  New 
Edition.     Crown  Svo.     3J.  dd.     {Nature  Series.) 

Stewart  (Balfour). — Works  by  Balfour  Stewart,  F.R.S., 

Professor  of  Natural  Philosophy  in  the   Owens  College,  Victoria 

University,  Manchester. 
PRIMER   OF   PHYSICS.     With  numerous  Illustrations.      New 

Edition,  with  Questions.     iSmo.     is.     (Science  Primers.) 
LESSONS   IN    ELEMENTARY    PHYSICS.       With  numerous 

Illustrations  and  Chromolitho  of  the  Spectra  of  the  Sun,  Stars, 

and  Nebulae.     New  Edition.     Fcap.  Svo.     4J.  6d. 
QUESTIONS  ON  BALFOUR  STEWART'S  ELEMENTARY 

LESSONS  IN  PHYSICS.    By  Prof.  Thomas  H.  Core,  Owens 

College,  Manchester.     Fcap.  Svo.     2s, 
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Stewart  and  Gee. — elementary  practical  phy- 
sics, LESSONS  IN.  By  Professor  Balfour  Stewart,  F.R.S., 
and  W.  Haldane  Gee.     Crown  8vo. 
Part  L— GENERAL  PHYSICAL  PROCESSES.     6s. 
Part  IL— ELECTRICITY  AND  MAGNETISM.         {In  the  press. 
Part  III.— OPTICS,  HEAT,  AND  SOUND.  {In preparation. 

A   SCHOOL  COURSE   OF  PRACTICAL  PHYSICS.     By  the 
same  Authors.  [/«  preparation. 

Stokes. — ON  LIGHT.  Being  the  Burnett  Lectures,  delivered  in 
Aberdeen  in  1883 -1884.  By  George  Gabriel  Stokes,  M.  A, 
P.R.S.,  &c.,  Fellow  of  Pembroke  College,  and  Lucasian  Professor 
of  Mathematics  in  the  University  of  Cambridge.  First  Course. 
On  the  Nature  of  Light.— Second  Course.  On  Light  as 
A  Means  of  Investigation.     Crown  8vo.     2y.  dd.  each. 

{Third  Course  in  the  press. 
Stone. — AN   ELEMENTARY  TREATISE  ON  SOUND.      By 

W.  H.    Stone,  M.D.     With  Illustrations.     i8mo.     3^.  dd. 
Tait.— HEAT.       By  P.  G.   Tait,   M.A.,  Sec.    R.S.E.,    formerly 
Fellow  of  St.   Peter's  College,    Cambridge,  Professor  of  Natural 
Philosophy  in  the  University  of  Edinburgh.     Crown  8vo.     6s. 

Thompson. — elementary  LESSONS  IN  ELECTRICITY 
AND  MAGNETISM.  By  Silvanus  P.  Thompson,  Principal 
and  Professor  of  Physics  in  the  Technical  College,  Finsbury.  With 
Illustrations.     New  Edition.     Fcap.  8vo.     4?.  6d. 

Thomson. — ELECTROSTATICS  AND  MAGNETISM,  RE- 
PRINTS OF  PAPERS  ON.  By  Sir  William  Thomson, 
D.C.L.,  LL.D.,  F.R.S.,  F.R.S.E.,  Fellow  of  St.  Peter's  College, 
Cambridge,  and  Professor  of  Natural  Philosophy  in  the  University 
of  Glasgow.  Second  Edition.  Medium  8vo.  iBj. 
THE  MOTION  OF  VORTEX  RINGS,  A  TREATISE  ON. 
An  Essay  to  which  the  Adams  Prize  was  adjudged  in  1882  ia 
the  University  of  Cambridge.  By  J.  J.  Thomson,  Fellow  of 
Trinity  College,  Cambridge,  and  Professor  of  Experimental  Physics 
in  the  University.     With  Diagi-ams.     8vo.     6s. 

Todhunter. — NATURAL  PHILOSOPHY  FOR  BEGINNERS. 
By  I.  Todhunter,  M.A.,  F.R.S.,  D.Sc. 
Part  I.  The  Properties  of  Solid  and  Fluid  Bodies.     l8mo.     3f.  6d. 
Part  II.  Sound,  Light,  and  Heat.     i8mo.     3^.  6d. 

Turner. — heat  and  ELECTRICITY,  A  COLLECTION  OF 
EXAMPLES  ON.  By  H.  H.  Turner,  B.A.,  Fellow  of  Trinity 
College,  Cambridge.     Crown  8vo.     2x.  6d. 

Wright  (Lewis).  —  LIGHT  ;  A  COURSE  OF  EXPERI- 
MENTAL OPTICS,  CHIEFLY  WITH  THE  LANTERN. 
By  Lewis  Wright.  With  nearly  200  Engravings  and  Coloured 
Plates.     Crown  8vo.     *ls.  6d. 
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ASTRONOMY. 

Airy. — POPUT.AR   ASTRONOMY.      With   Illustrations  by  Sir 
G.  B.  Airy,  K.C.B.,  formerly  Astronomer-Royal.     New  Edition. 
i8mo.     4J.  6(i. 
Forbes. — transit    OF    VENUS.      By   G.    Forbes,    M.A., 
Professor  of  Natural  Philosophy  in  the  Andersonian  University, 
Glasgow.     Illustrated.     Crown  8vo.     y.  td.     {^Nature  SerUs.") 
Godfray. — Woiks    by    Hugh    Godfray,    M.A.,    Mathematical 
Lecturer  at  Pembroke  College,  Cambridge. 
A  TREATISE  ON  ASTRONOMY,  for  the  Use  of  Colleges  and 

Schools.     Fourth  Edition.     8vo.     lis.  6<i. 
AN  ELEMENTARY  TREATISE  ON  THE  LUNAR  THEORY, 
with  a  Brief  Sketch  of  the  Problem  up  to  the  time  of  Newton. 
Second  Edition,  revised.     Crown  8vo.     ^s.  6d. 
Lockyer. — Works  by  J.  Norman  Lockyer,  F.R.S. 
PRIMER    OF    ASTRONOMY.       With    numerous    Illustrations. 

New  E'iition.      i8mo.     is.     [Science  Primers.) 
ELEMENTARY  LESSONS  IN  ASTRONOMY.     With  Coloured 
Diagram   of  the  Spectra  of  the   Sun,    Stars,    and   Nebulae,  and 
numerous  Illustrations.     New  Edition.     Fcap.  8vo.     5j.  6</. 
QUESTIONS  ON  LOCKYER'S  ELEMENTARY  LESSONS  IN 
ASTRONOMY,     For  the  Use  of  Schools.     By  John  Forbes- 
Robertson.     i8mo,  cloth  limp.     is.  6d. 
Newcomb. — popular  ASTRONOMY.     By  S.   Newcomb, 
LL.D.,  Professor  U.S.  Naval  Observatory.    With  112  Illustration s 
and  5  Maps  of  the  Stars.     Second  Edition,  revised.     8vo.     i8j. 
"It  is  unlike  anything  else  of  its  kind,  and  will  be  of  more  use  in  circulating  a 
knowledge  of  A&tronomy  than  nine-tenths  of  the  books  which  have  appeared  oa  ihe 
subjeaof  late  years."— Saturday  Review. 

CHEMISTRY. 

Cooke. — ELEMENTS  OF  CHEMICAL  PHYSICS.  By  Josiah 
p.  Cooke,  Junr.,  Erving  Professor  of  Chemistry  and  Mineralogy 
in  Harvard  University.     Fourth  Edition.     Royal  8vo.     2ls. 

Fleischer.— A  SYSTEM  OF  volumetric  analysis. 

Translated,  with  Notes  and  Additions,  from  the  Second  German 
Edition,  by  M.  M.  Pattison  Muir,  F.R.S.E.  With  Illustrations. 
Crown  8vo.     7j.  6</. 
Jones. — Works  by  FRANCIS  JONES,  F.R.S.E.,  F.C.S,,   Chemical 
Master  in  the  Grammar  School,  Manchester. 
THE    OWENS    COLI  EGE    JUNIOR    COURSE    OF    PRAC- 
TICAL CHEMISTRY.     With  Preface  by  Sir  Henry  Roscoe. 
F.R.S.,  and  Illustrations.     New  Edition.     iSmo.     zs.  6J. 
QUESTIONS  ON    CHEMISTRY.       A  Series  of  Problems  and 
Exercises  in  Inorganic  and  C>i^nic  Chemistry.     Fcap.  8vo.      3^. 
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Landauer. — blowpipe  analysis.     By  j.   Landauek- 

Authorised  Engbsh  Edition  by  J.  Taylor  and  W.  E.  Kay,  of 
Owens  College,  Manchester.     Extra  fcap.  8vo.     4J.  6d. 

Lupton. — ELEMENTARY  CHEMICAL  ARITHMETIC.  With 
i,icx)  Problems.  By  Sydney  LuftOxX,  M.A.,  F.C.S.,  F.I.C., 
formerly  Assistant-Master  at  Harrow.  Second  Edition,  Revised 
and  Abridged.     Fcap.  8vo.     \s.  6^/. 

Muir.— PRACTICAL  CHEMISTRY  FOR  MEDICAL  STU- 
DENTS. Specially  arranged  for  the  first  M.B.  Course.  By 
M.  M.  Pattison  Muir,  F.R.S.E.     Fcap.  8vo.     is.  6d. 

Muir  and  Wilson. — the  elements  OF  thermal 
CHEMISTRY.  By  M.  M.  Pattison  Muir,  M.A.,  F.k.S.E., 
Fellow  and  Prselector  of  Chemistry  in  Gonville  and  Caius  College, 
Cambridge  ;  Assisted  by  David  Muir  Wilson.  Svo.  i2i.6u. 
Remsen. — Works  by  Ira  Remsen,  Professor  of  Chemistry  in  the 
Johns  Hopkins  University. 

COMPOUNDS  OF  CARBON;  or,  Organic  Chemistry,  an  Intro- 
duction to  the  Study  of.     Crown  Svo.     6s.  6J. 

AN    INTRODUCTION  TO  THE  STUDY  OF  CHEMISTRY 
(INORGANIC  CHEMISTRY).     Crown  Svo.     6s.  6d. 
Roscoe. — Works  by  Sir  Henry  E.  Roscoe,  F.R.S.,  Professor  of 
Chemistry  in  the  Victoria  University  the  Owens  College,  Manchester. 

PRIMER  OF  CHEMISTRY.  With  numerous  Illustrations.  New 
Edition.     With  Questions.     iSmo.     \s.     {Science  Primers.) 

LESSONS  IN  ELEMENTARY  CHEMISTRY,  INORGANIC 
AND  ORGANIC.  With  numerous  Illustrations  and  Chromoliiho 
of  the  Solar  Spectrum,  and  of  the  Alkalies  and  Alkalme  Earths. 
New  Edition.     Fcap.  Svo.     4?.  6d. 

A  SERIES  OF  CHEMICAL  PROBLEMS,  prepared  with  Special 
Reference  to  the  foregoing,  by  T.  E.  Thorpe,  Ph.D.,  Professor 
of  Chemistry  in  the  Yorkshire  College  of  Science,  Leeds,  Adapted 
for  the  Preparation  of  Students  for  the  Government,  Science,  and 
Society  of  Arts  Examinations.  With  a  Preface  by  Sir  Henry  E. 
Roscoe,  F.R.S.     New  Edition,  with  Key.     iSmo.     zs. 

Roscoe  and  Schorlemmer. — inorganic  and  or- 
ganic CHEMISTRY.  A  Complete  Treatise  on  Inorganic  and 
Organic  Chemistry.  By  Sir  Henry  E.  Roscoe,  F.R.S. ,  and 
Professor  C.  Schorlemmek,  F.R.S.  With  numerous  Illustrations. 
Medium  Svo. 

Vols.  I.  and  II.—INORGANIC  CHEMISTRY. 

Vol.  I. — The  Non-Metallic  Elements.  2IJ.  Vol.  II.  Part  I. — 
Metals.     iSj.     Vol.  11.  Part  IL— Metals.     iSj. 

Vol.  III.— ORGANIC  CHEMISTRY. 

THE  CHEMISTRY  OF  THE  HYDROCARBONS  and  their 
Derivatives,  or  ORGANIC  CHEMISTRY,  With  numerous 
lilusti-alions.    Medium  Svo.    Two  Parts.     2ij.  each. 
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Roscoe  and  Schorlemmer — continutd. 
Vol.  IV.— Part  I.     ORGANIC  CHEMISTRY,  continued. 

[/mmediatefy. 

Schorlemmer.— A  MANUAL  OF  THE  chemistry  of 

THE  CARBON  COMPOUNDS,  OR  ORGANIC  CHE- 
MISTRY. By  C.  Schorlemmer,  F.R.S.,  Professor  of  Che- 
mistry in  the  Victoria  University  the  Owens  College,  Manchester. 
With  Illustrations.     8vo.     14^. 

Thorpe. — a  series  of  chemical  problems,  prepired 
vith  Special  Reference  to  Sir  H.  E.  Roscoe's  Lessons  in  Elemen- 
tary Chemistry,  by  T.  E.  Thorpe,  Ph.D.,  F.R.S.,  Professor  of 
Chemistry  in  the  Normal  School  of  Science,  South  Kensingtrn, 
adapted  for  the  Preparation  of  Students  for  the  Government, 
Science,  and  Society  of  Arts  Examination-;.  With  a  Preface  by  Sir 
Henry  E.  Roscoe,  F.R.S.    New  Edition,  with  Key.    i8mo.    2j. 

Thorpe  and  Riicker. — a  TREATISE  ON  CHEMICAL 
PHYSICS.  By  T.  E.  Thorpe,  Ph.D.,  F.R.S.  Professor  o 
Chemistry  in  the  Normal  School  of  Science,  and  Professor  A.  W. 
RiJCKER.    Illustrated.     8vo.  \_In  preparation. 

Wright.— METALS  AND  THEIR  CHIEF  INDUSTRIAL 
APPLICATIONS.  By  C.  Alder  Wright,  D.Sc,  &c., 
Lecturer  on  Chemistry  in  St  Mary's  Hospital  Medical  School. 
Extra  fcap.  Svo.     31.  dd. 

BIOLOGY. 

Allen.— ON  THE  COLOUR  OF  FLOWERS,  as  Illustrated  in 
the  British  ,Flora.  By  GRANT  Allen.  With  Illustrations. 
Crown  Svo.     y.6d.     {.Nature Series.) 

Balfour.  —  a  treatise  on   comparative  embry. 

OLOGY.  By  F.  M.  Balfour,  M.A.,  F.R.S.,  Fellow  and 
Lecturer  of  Trinity  College,  Cambridge.  With  Illustrations. 
Second  Edition,  reprinted  without  alteration  from  the  First 
Edition.     In  2  vols.     Svo.     Vol.  I.  iSj.     Vol.  II.  21  j. 

Bettany. — FIRST  LESSONS  IN  PRACTICAL  BOTANY. 
By  G.  T.  Bettany,  M.A.,  F.L.S.,  formerly  Lecturer  in  Botany 
at  Guy's  Hospital  Medical  School.     iSmo.      \s. 

Bower— Vines.— A  COURSE  OF  PRACTICAL  INSTRUC- 
TION IN  BOTANY.  By  F.  O.  Bower,  M.A.,  F.L.S., 
Professor  of  Botany  in  the  University  of  Glasgow,  and  Sydney 
H.  Vines,  M.A.,  D.Sc,  F.R.S.,  Fellow  and  Lecturer,  Christ's 
College,  Cambridge.  With  a  Preface  by  W.  T.  Thiselton 
Dyer,  M.A.,  C.M.G.,  F.R.S.,  F.L.S.,  Director  of  the  Royal 
Gardens,  Kew. 

Part  L— PHANEROGAMiE  — PTERIDOPHYTA.  Crown 
Svo.     dr. 
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Darwin  (Charles). — MEMORIAL  NOTICES  OF  CHARLES 
DARWIN,  F.R.S.,  &c.  By  Thomas  Henry  Huxley,  F.R.S., 
G.  J.  Romanes,  P\R.S.,  Archibald  Geikie,  F.R.S.,  and 
W.  T.  Thiselton  Dyer,  F.R.S.  Reprinted  from  Nature. 
With  a  Portrait,  engraved  by  C.  H.  Jeens.  Crown  8vo. 
2j.  6^.     ^Nature  Series.) 

Flower  and  Gadow. —  an  INTRODUCTION  TO  THE 
OSTEOLOGY  OF  THE  MAMMALIA.  By  William  Henry 
Flower,  LL.D.,  F.R.S.,  Director  of  the  Natural  History  De- 
partments of  the  British  Museum,  late  Hunterian  Professor  of 
Comparative  Anatomy  and  Physiology  in  the  Royal  College  of 
Surgeons  of  England.  With  numei-ous  Illustrations.  Third 
Edition.  Revised  with  the  assistance  of  Hans  Gadow,  Ph.D., 
M.A.,  Lecturer  on  the  Advanced  Morphology  of  Vertebrates  and 
Strickland  Curator  in  the  University  of  Cambridge.  Crow^n  8vo. 
los.  dd. 

Foster. — Works  by  Michael  Foster,  M.D.,  Sec.  R.S.,  Professor 
of  Physiology  in  the  University  of  Cambridge. 
PRikER    OF    PHYSIOLOGY.       With  jiumerous  Illustrations. 

New  Edition.     iSmo.     \s. 
A  TEXT-BOOK  OF  PHYSIOLOGY.    With  Illustrations.   Fourth 
Edition,  revised.     8vo.     lis. 

Foster  and  Balfour.— THE  ELEMENTS  OF  EMBRY- 
OLOGY. By  Michael  Foster,  M.A.,  M.D.,  LL.D.,  Sec.  R.S., 
Professor  of  Physiology  in  the  University  of  Cambridge,  Fellow 
of  Trinity  College,  Cambridge,  and  the  late  Francis  M.  Balfour, 
M.A.,  LL.D.,  F.R.S.,  Fellow  of  Trinity  College,  Cambridge, 
and  Professor  of  Animal  Morphology  in  the  University.  Second 
Edition,  revi  ed.  Edited  by  Adam  Sedgwick,  M.A.,  Fellow 
and  Assistant  Lecturer  of  Trinity  College,  Camliridge,  and  WALTER 
Heape,  Demonstrator  in  the  Morphological  Laboratory  of  the 
University  of  Cambridge.  With  Illustrations.  Crown  8vo.  loj.  dd, 

Foster  and  Langley. — a  COURSE  OF  ELEMENTARY 
PRACTICAL  PHYSIOLOGY.  By  Prof.  Michael  Foster, 
M.D.,  Sec.  R.S.,  &c.,  and  J.  N.  Langley,  M.A.,  F.R.S.,  Fellow 
of  Trinity  College,  Cambridge.    Fifth  Edition.    Crown  8vo.   ^s.  6d. 

Gamgee. — a  TEXT-BOOK  OF  THE  PHYSIOLOGICAL 
CHEMISTRY  OF  THE  ANIMAL  BODY.  Including  an 
Account  of  the  Chemical  Changes  occurring  in  Disease.  By  A. 
Gamgee,  M.D.,  F.R.S.,  Professor  of  Physiology  in  the  Victoria 
University  tlie  Owens  College,  Manchester.  2  Vols.  8vo. 
With  Illustrations.     Vol.1.      i8j.  {Vol.  II.  in  the  press. 

Gegenbaur. — ELEMENTS  OF  COMPARATIVE  ANATOMY. 
By  Professor  Carl  Gegenbaur.  A  Translation  by  F.  Jeffrey 
Bell,  B.A.  Revised  with  Preface  by  Professor  E.  Ray  Lan- 
KESTER,   F.R.S.     With  numerous  Illustrations.     8vo.     21s. 
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Gray.— STRUCTURAL  BOTANY,  OR  ORGANOGRAPHY 
ON  THE  BASIS  OF  MORPHOLOGY.  To  which  are  added 
the  principles  of  Taxonomy  and  Phytography,  and  a  Glossary  of 
Botanical  Terms.     By  Professor  Asa  Gray,  LL.D.     8vo.    10s.  6d, 

Hooker. — Works  by  Sir  J.  D.  Hooker,  K.C.S.L,  C.B.,  M.D., 
F.R.S.,  D.C.L. 
PRIMER  OF  BOTANY.      With   numerous   Illustrations.      New 

Edition.     i8mo.     is.     {Science  Primers.) 
THE  STUDENT'S   FLORA  OF  THE  BRITISH  ISLANDS. 
Third  Edition,  revised.     Globe  8vo.     lar.  6d. 
Howes. — AN    ATLAS     OF    PRACTICAL    ELEMENTARY 
BIOLOGY.     By  G.   B.   Howes,  Assistant  Professor  of  Zoology, 
Normal  School  of  Science  and  Royal  School  of  Mines.     With  a 
Preface  by  Thomas  Henry  Huxley,  F.R,S.  Royal  4to.  14J. 
Huxley. — Works  by  Thomas  Henry  Huxley,  F.R.S. 
INTRODUCTORY    PRIMER    OF    SCIENCE.       iSmo.       is. 

(Science  Primers.) 
LESSONS  IN  ELEMENTARY  PHYSIOLOGY.  With  numerous 

Illustrations.     New  Edition  Revised.     Fcap.  8vo.     4J,  6d. 
QUESTIONS  ON  HUXLEY'S  PHYSIOLOGY  FOR  SCHOOLS. 
By  T.  Alcock,  M.D.     New  Edition.     i8mo.     is.  6d. 
Huxley  and  Martin. — a  COURSE  OF  PRACTICAL  IN 
STRUCTION  IN  ELEMENTARY  BIOLOGY.     By  Thomas 
Henry  Huxley,  F.R.S. ,  assisted  by  H.  N.  Martin,  M.B., 
D.Sc.    New  Edition,  revised.     Crown  8vo.     6s. 
Kane. — EUROPEAN    BUTTERFLIES,  A    HANDBOOK   OF 
By  W.  F.  De  Vismes  Kane.  M.A.,  M.R.LA.,  Member  of  the 
Entomological  Society  of  London,  &c.  With  Copper  Plate  Illustra- 
tions.    Crown  8vo.      lor.  6<f. 
A   LIST  OF  EUROPEAN   RHOPALOCERA  WITH  THEIR 
VARIETIES   AND   PRINCIPAL  SYNONYMS.      Reprinted 
from  the  Handbook  of  European  Butterjlus.     Crown  Svo.      IT. 

Lankester. — Works  by  Professor  E.  Ray  Lankester,  F.R.S. 

A  TEXT  BOOK  OF  ZOOLOGY.     Crown  8vo.     \In  preparation. 

DEGENERATION  :  A  CHAPTER  IN  DARWINISM.     Illus- 
t rated.     Crown  8vo.     2s.  6d.     (Nature  Series.) 
Lubbock. — Works  bv  Sir  John  Lubbock,  M.P.,  F.R.S.,  D.C.L- 

THE  ORIGIN  AND  METAMORPHOSES  OF  INSECTS. 
With  niunerous  Illustrations.  New  Edition.  Crown  Svo.  y.  6cU 
(Nature  Series.) 

ON  BRITISH  WILD  FLOWERS  CONSIDERED  IN  RE- 
LATION TO  INSECTS.  With  numerous  Illustrations.  New 
Edition.     Crown  Svo.     4J.  6d.     (iValure  Series). 

FLOWERS,  FRUITS,  AND  LEAVES.  With  lUustrations. 
Crown  Svo.     4X.  6d,     (Nature  Series. ) 
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M'Kendrick. — OUTLINES  OF  PHYSIOLOGY  IN  ITS  RE- 
LATJONS  TO  MAN.  By  J.  G.  M'Kendrick,  M.D.,  F.R.S.E. 
"With  Illustrations.     Crown  8vo.     12^.  (>d. 

Martin  and  Moale.— on  the  DISSECTION  OF  verte- 
brate ANIMALS.  By  Professor  H.  N.  Martin  and  W.  A. 
Moale.     Crown  8vo.  \In  preparation, 

Mivart. — Works  by  St.  George  Mivart,  F.R.S.,  Lecturer  in 

Comparative  Anatomy  at  St,  Mary's  Hospital. 
LESSONS  IN  ELEMENTARY  ANATOMY.     With  upwards  of 

400  Illustrations.     Fcap.  8vo.     6s.  6d. 
THE  COMMON   FROG.     With  numerous  Illustrations.     Crown 

8vo.     y.  6d.     {Nature  Series.) 

Muller.— THE  FERTILISATION  OF  FLOWERS.  By  Pro- 
fessor  Hermann  Muller.  Translated  and  Edited  by  D'Arcy 
W.  Thompson,  B.A.,  Professor  of  Biology  in  University  College, 
Dundee.  With  a  Preface  by  Charles  Darwin,  F.R.S.  With 
numerous  Illustrations.     Medium  8vo.     2is. 

Oliver. — Works  by  Daniel  Oliver,    F.R.S.,  &c.,  Professor  of 
Botany  in  University  College,  London,  &c. 
FIRST  BOOK  OF  INDIAN  BOTANY.     With  numerous  Illus- 
trations.    Extra  fcan.  8vo.     6s.  6d. 
LESSONS    IN   ELEMENTARY   BOTANY.      With  nearly  200 
Illustrations.     New  Edition.     Fcap.  8vo.     4s.  6d. 

Parker. — a  COURSE  OF  INSTRUCTION  IN  ZOOTOMY 
(VERTEBRATA).  By  T.  Jeffrey  Parker,  B.Sc.  London, 
Professor  of  Biology  in  the  University  of  Otago,  New  Zealand. 
With  Illustrations.     Crown  8vo.     Ss.  dd. 

Parker  and  Bettany.— the  MORPHOLOGY  OF  THE 
SKULL.  By  Professor  W.  K.  Parker,  F.R.S.,  and  G.  T. 
Bettany.     Illustrated.     Crown  8vo.     loj.  dd. 

Smith. — Works  by  John  Smith,  A.L.S.,  &c. 

A  DICTIONARY  OF  ECONOMIC  PLANTS.     Their  History, 

Products,  and  Uses.     8vo.     14J. 
DOMESTIC   BOTANY  :    An   Exposition    of  the   Structure  and 
Classification   of  Plants,    and    their    Uses    for    Food,    Clothing, 
Medicine,  and  Manufacturing  Purposes.    With  Illustrations.    New 
Issue.    Crown  8vo.     I2j.  td. 

Smith  (W.  G.)— DISEASES  OF  FIELD  AND  GARDEN 
CROPS,  CHIEFLY  SUCH  AS  ARE  CAUSED  BY  FUNGL 
By  Worthington  G.  Smith,  F.L.S.,  M.A.I. ,  Member  of  the 
Scientific  Committee  R.H.S.  With  143  New  Illustrations  drawn 
and  engraved  from  Nature  by  the  Author.     Fcap.  8vo.     4J.  td. 
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Wiedersheim  (Prof.).— ELEMENTS  OF  THE  COM- 
PARATIVE ANATOMY  OF  VERTEBRATES.  Adapted 
from  the  German  of  Robert  Wiedersheim,  Professor  of  Ana- 
tomy, and  Director  of  the  Institute  of  Human  and  Comparative 
Anatomy  in  the  University  of  Frieburg-in-Baden,  by  W. 
Newton  Parker,  Professor  of  Biology  in  the  University  College 
of  South  Wales  and  Monmouthshire.  With  Additions  by  the 
Author  and  Translator.  With  Two  Hundred  and  Seventy  Wood- 
cuts.    Medium  8vo.     12s.  6d. 

MEDICINE. 

Brunton. — Works  by  T.  Lauder  Brunton,  M.D.,  D.Sc, 
F.R.C.P.,  F.R.S.,  Assistant  Physician  and  Lecturer  on  Materia 
Medica  at  St.  Bartholomew's  Hospital  ;  Examiner  in  Materia 
Medica  in  the  University  of  London,  in  the  Victoria  Univereity, 
and  in  the  Royal  College  of  Physicians,  London ;  late  Examiner 
in  the  University  of  Edinburgh. 

A  TEXT-BOOK  OF  PHARMACOLOGY,  THERAPEUTICS, 
AND  MATERIA  MEDICA.  Adapted  to  the  United  States 
Pharmacopoeia,  by  Francis  H.  Williams,  M.D.,  Boston, 
Mass.  Second  Edition.  Adapted  to  the  New  British  Pharmaco- 
poeia, 1885.     Medium  8vo.     21t. 

TABLES  OF  MATERIA  MEDICA  :  A  Companion  to  the 
Materia  Medica  Museum.  With  Illustrations.  New  Edition 
Enlarged.     Svo.     los.  6d. 

Hamilton. — a  TEXT-BOOK  OF  PATHOLOGY.  By  D.  J. 
Hamilton,  Professor  of  Pathological  Anatomy  (Sir  Erasmus 
Wilson  Chair),  University  of  Aberdeen.    Svo.  [/«  preparation. 

Klein. — MICRO-ORGANISMS  AND  DISEASE.  An  Intro- 
duction into  the  Study  of  Specific  Micro- Organisms.  By  E. 
Klein,  M.D.,  F.R.S.,  Lecturer  on  General  Anatomy  and  Physio- 
logy in  the  Medical  School  of  St.  Bartholomew's  Hospital,  London. 
With  T2I  Illustrations.  Third  Edition,  Revised.    Crown  8vo      6j. 

Ziegler-Macalister. — TEXT-BOOK  OF  PATHOLOGICAL 

ANATOMY  AND  PATHOGENESIS.  By  Professor  Ernst 
/iLr.LER  of  Tubingen.  Translated  and  Edited  for  English 
Students  by  DoNAi.D  Macalister,  M.  A.,  M.D.,  B.Sc,  F.R.C.P., 
]\llo\v  and  Medical  Lecturer  of  St.  John's  College,  Cambridge, 
Physician  to  Addenbrookc's  Hospital,  and  Teacher  of  Medicine  in 
the  University.    With  numerous  Illustrations.     Medium  Svo. 

Part  I.— GENERAL  PATHOLOGICAL  ANATOMY.     I2x.  ed. 

Part  IT.—SPECIAL  PATHOLOGICAL  ANATOMY.  Sections 
L— VIII.    lis.  dd.     Sections  IX.— XVII.  in  th^ press. 
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ANTHROPOLOGY. 

Flower. — fashion  in  deformity,  as  Illustrated  in  the 
Customs  of  Barbai"ous  and  Civilised  Races.  By  Professor 
Flower,  F.R.S.,  F.R.C.S.  With  Illustrations.  Crown  8vo. 
2s.  6d.     {Nature  Series. ) 

Tylor. — anthropology.  An  Introduction  to  the  Study  of 
Man  and  Civilisation.  By  E.  B.  Tylor,  D.C.L.,  F.K.S.  With 
numerous  Illustrations.     Crown  8vo.     7^.  6d. 

PHYSICAL  GEOGRAPHY  &  GEOLOGY. 

Blanford.— THE  RUDIMENTS  OF  PHYSICAL  GEOGRA- 
PHY FOR  THE  USE  OF  INDIAN  SCHOOLS  ;  with  a 
Glossary  of  Technical  Terms  employed.  By  H.  F.  Blanford, 
F.R.S.     New  Edition,  with  Illustrations.     Globe  8vo.    2s.  6d. 

Geikie. — Works  by  Archibald  Geikie,  LL.D.,  F.R.S.,  Director- 
General  of  the  Geological  Survey  of  Great  Britain  and  Ireland,  and 
Director  of  the  Museum  of  Practical  Geolo^'y,  London,  formerly 
Mnrchison  Professor  of  Geology  and  Mineralogy  in  the  University 
of  Edinburgh,  &c. 

PRIMER  OF  PHYSICAL  GEOGRAPHY.  With  numerous 
Illustrations.  New  Edition.  With  Questions.  iSmo.  is. 
{Science  Primers.) 

ELEMENTARY  LESSONS  IN  PHYSICAL  GEOGRAPHY. 
With  numerous  Illustrations.  New  Edition.  Fcap.  8vo.  4?.  6d. 
QUESTIONS  ON  THE  SAME.     is.  6d. 

PRIMER  OF  GEOLOGY.  With  numerous  Illustrations.  New 
Edition.      l8mo.     u.     {Science  Primers.) 

CLASS  BOOK  OF  GEOLOGY.  With  upwards  of  200  New 
Illustrations.     Crown  8vo.     10s.  6d. 

TEXT-BOOK  OF  GEOLOGY.  With  numerous  Illustrations. 
Second  Edition,  Fifth  Thousand,  Revised  and  Enlarged.   8vo.  28^. 

OUTLINES  OF  FIELD  GEOLOGY.  With  Illustrations.  New 
Edition.     Extra  fcap.  8vo.     3^.  6d. 

Huxley. — PPIYSIOGRAPHY.  An  Introduction  to  the  Study 
of  Nature.  By  Thomas  Henry  Huxle\.  F.R.S.  With 
numerous  Illustrations,  and  Coloured  Plates.  New  and  Cheaper 
Edition.     Crown  8vo.     6s. 

Phillips.— A  TREATISE  ON  ORE  DEPOSITS.  By  J.  Arthur 
Phillips,  F.R.S.,  V.P.G.S.,  F.C.S.,  M.Inst.C.E.,  Ancien  Eleve 
de  r  tcole  des  Mines  Paris  ;  Author  of  **  A  Manual  of  Metallurgy, " 
"The  Mining  and  Metallurgy  of  Gold  and  Silver,"  &c  With 
numerous  Illustrations.     8vo.     2^. 


SCIENCE. 


AGRICULTURE. 

Frankland.— AGRICULTURAL    CHEMICAL    ANALYSIS, 
A    Handbook  of.     By  Percy   Faraday  Frankland,   Ph.D., 
B.Sc,   F.C.S.,   Associate  of  the   Royal  School   of  Mines,    and 
Demonstrator  of   Practical   and   Agricultural   Chemistry    in    the 
Normal   School  of  Science  and  Royal   School  of   Mines,   South 
Kensington  Museum.     Founded  upon  Leitfadenfiir  die  Agriculture 
C hemic  he  Analyse^  von  Dr.  F.  Krocker.     Crown  8vo.     yj.  dd. 
Smith  (Worthington  G.). — DISEASES  OF  FIELD  AND 
GARDEN  CROPS,  CHIEFLY  SUCH  AS  ARE  CAUSED  BY 
FUNGL      By  Worthington    G.    Smith,    F.L.S.,    M.A.I., 
Meuiber  of  the  Scientific  Committee  of  the  R.H.S.     With  143 
Illu>trations,  drawn  and  engraved  from  Nature  by  the  Author. 
Feap.  8vo.    41'.  dd. 
Tanner.— Works   by     Henry    Tanner,     F.C.S.,    M.R.A.C, 
Examiner  in  the  Principles  of  Agriculture  under   the  Government 
Department  of  Science  ;  Director  of  Education  in  the  Institute  of 
Agriculture,  South  Kensington,  London ;   sometime  Piofessor  o£ 
Agricultural  Science,  University  College,  Aberystwith. 
ELEMEN TAKY    LESSONS   IN  THE    SCIENCE  OF  AGRI- 
CULTURAL PRACTICE.     Fcap.  8vo.     3J.  td. 
FIRST  PRINCIPLES  OF  AGRICULTURE.     i8mo.     \s. 
THE  PRINCIPLES  OF  AGRICULTURE.    A  Series  of  Reading 
Books   for  use  in    Elementary    Schools.      Prepared   by   Henry 
Tanner,  F.C.S.,  M.R.A.C.     Extra  fcap.  8vo. 

I.  The  Alphabet  of  the  Principles  of  Agriculture,     dd. 
II.  Further  Steps  in  the  Principles  of  Agriculture.     \s. 
III.  Elementary  School  Readings  on  the  Principles  of  Agriculture 
for  the  third  stage,     is. 

POLITICAL  ECONOMY. 

Cossa.— GUIDE  TO  THE  STUDY  OF  POLITICAL 
I'X'ONOMY.  By  Dr.  LuiGi  CossA,  Professor  in  the  University 
of  Pavia.  Translated  from  the  Second  Italian  Edition.  With  a 
Preface  by  W.  Stanley  Jevons,  F.R.S.     Crown  8 vo.     4J.  dd. 

Fawcett  (Mrs.) — Works  by  Millicent  Garrett  Fawcett:— 
POLITICAL  ECONOMY  FOR  BEGINNERS,  WITH  QUES- 
TIONS.    Fourth  Edition.     i8mo.     2s.  6d. 
TALES  IN  POLITICAL  ECONOMY.     Crown  8 vo.     3^. 

Fawcett.— A  manual  OF  political  ECONOMY.  By 
Right  Hon.  Henry  F'awcett,  F.R.S.  Sixth  Edition,  revised, 
with  a  chapter  on  "  Srate  Socialism  and  the  Nationalisation 
of  the  Land,"  and  an  Index.     Crown  8vo.     I2j. 


28        MACMILLAN'S  EDUCATIONAL  CATALOGUE. 

Jevons. — PRIMER  OF  POLITICAL  ECONOMY.  By  W. 
Stanley  Jevons,  LL.D.,  M. A.,  F.R.S.  New  Edition.  i8mo. 
I  J,     {Science  Primers.) 

Marshall. — the  ECONOMICS  OF  INDUSTRY.  By  A. 
Marshall,  M.A.,  Professor  of  Political  Economy  in  the  Uni- 
versity of  Cambridge,  and  Mary  P.  Marshall,  late  Lecturer  at 
Newnham  Hall,  Cambridge.     Extra  fcap.  Svo.     2s.  6d. 

Sidgwick. — THE  PRINCIPLES  OF  POLITICAL  ECONOMY. 
By  Professor  Henry  Sidgwick,  M.A.,  LL.D.,  Knightbridge 
Professor  of  Moral  Philosophy  in  the  University  of  Cambridge, 
&c.,  Author  of  "The  Methods  of  Ethics."     Svo.     i6s. 

Walker. — Works  by  Francis  A.  Walker,  M.A.,  Ph.D.,  Author 
of  "Money,"  "Money  in  its  Relation  to  Trade,"  &c. 
POLITICAL  ECONOMY.     Svo.     los.  dd. 
A  BRIEF  TEXT-BOOK  OF  POLITICAL  ECONOMY.     Crown 

Svo.     6s.  6d. 
THE  WAGES  QUESTION.     Svo.     14J. 


MENTAL  &  MORAL  PHILOSOPHY. 

Calderwood,— HANDBOOK  OF  MORAL  PHILOSOPHY. 
By  the  Rev.  Henry  Calderwood,  LL.D.,  Professor  of  Moral 
Philosophy,  University  of  Edinburgh.  New  Edition.  Crown  Svo.  6j. 

Clifford. — SEEING  AND  THINKING.  By  Ihe  late  Professor 
W.  K.  Clifford,  F.R.S.  With  Diagrams.  Crown  Svo.  3^.  6d. 
{Nature  Series.) 

Jardine.— THE  ELEMENTS  OF  THE  PSYCHOLOGY  OF 
COGNITION.  By  the  Rev.  Robert  Jardine,  B.D.,  D.Sc. 
(Edin.),  Ex-Principal  of  the  General  Assembly's  College,  Calcutta. 
Second  Edition,  revised  and  improved.     Crown  Svo.     6s.  6d. 

Jevons. — Works  by  the  late  W.  Stanley  Jevons,  LL.D.,  M.A., 
F.R.S. 
PRIMER  OF  LOGIC.   New  Edition.    iSmo.    is.    {Science  Primers.) 
ELEMENTARY  LESSONS  IN  LOGIC  ;  Deductive  and  Induc- 
tive, with  copious  Questions  and  Examples,  and  a  Vocabulary  of 
Logical  Terms.     New  Edition.     Fcap.  Svo.     y.  6d. 
THE  PRINCIPLES  OF  SCIENCE.     A  Treatise  on  Logic  and 
Scientific  Method.  New  and  Revised  Edition.  Crown  Svo.   12s.  6d. 
STUDIES  IN  DEDUCTIVE  LOGIC.     Second  Edition.     Crown 
Svo.    6s. 

Keynes. — FORMAL  LOGIC,  Studies  and  Exercises  in.  Including 
a  Generalisation  of  Logical  Processes  in  their  application  to 
Complex  Inferences.  By  John  Neville  Klynes,  M.A.,  late 
Fellow  of  Pembroke  College,  Cambridge.     Crown  Svo.     los.  6d. 
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Kant— Max  Miiller. — CRITIQUE  OF   PURE   REASON 

by  Immanuel  Kant.     In  commemoration  of  the  Centenary  of 
its  first  Publication.    Translated  into  PLnglish  by  F.  Max  Muller. 
With   an    Historical   Introduction  by  LUDWIG  NoiRJB.     2  vok. 
Demy  8vo.     i6j.  each. 
Volume    I.     HISTORICAL    INTRODUCTION,    by    Ludwig 

NoiRi^.  ;  &c.,  &c. 
Volume  II.     CRITIQUE    OF   PURE    REASON,  translated  by 
F.  Max  Muller. 

For  the  convenience  of  students  these  volumes  are  now  sold  separately. 

McCosh.— PSYCHOLOGY.— THE  COGNITIVE  POWERS. 
By  James  McCosh,  D.D.,  LL.D.,  Litt.D.,  President  of  Princeton 
College,  Author  of  "  Intuitions  of  the  Mind,"  *'  Laws  of  Discursive 
Thought,"  &c.     Crown  8vo.     6s.  (xi. 

Ray.— A  TEXT-BOOK  OF  DEDUCTIVE  LOGIC  FOR  THE 
USE  OF  STUDENTS.  By  P.  K.  Ray,  D.Sc.  (Lon.  and  Edin.), 
Professor  of  Logic  and  Philosophy,  Dacca  College.  Second 
Edition      Globe  8vo.     4^.  dd. 

Sidgwick. — Works  by  Henry  Sidgwick,  M.A.,  LL.D.,  Knight- 
bridge  Professor  of  Moral  Philosophy  in  the  University  of 
Cambridge. 
THE  METHODS  OF  ETHICS.  Third  Edition.  8vo.  \\s.  A 
Supplement  to  the  Second  Edition,  containing  all  the  important 
Additions  and  Alterations  in  the  Third  Edition.  Demy  8vo.  6j. 
OUTLINES  OF  THE  HISTORY  OF  ETHICS,  for  English 
Readers.     Crown  8vo.     3^.  6t/. 
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Arnold  (T.). — the  second  PUNIC  WAR.  Being  Chapters 
from  THE  HISTORY  OF  ROMK.  By  Thomas  Arnold, 
D.D.  Edited,  with  Notes,  by  W.  T.  Arnold,  M.A.  With  8 
Maps.     Crown  Svo.     8j.  dd'. 

Arnold  (W.  T.).— THE  ROMAN  SYSTEM  OK  PROVINCIAL 
ADMINISTRATION  TO  THE  ACCESSION  ofCONSTAN- 
TINETHE  GREAT.  By  W.T.  Arnold,  M.A.    Crown 8va  6j. 

'  Ou;ht    to  prove  a  valuable  handbook  to   the  student  of  Roman    history." — 

GuaKUIAN. 

Beesly. — STORIES    FROM    THE    HISTORY    OF    ROME. 

By  Mrs,  Beesly.     Fcap.  Svo.     2j.  6</. 
Bryce. — THE  HOLY   ROMAN   EMPIRE.    By  James  Bryce, 

D.C.L.,  Fellow  of  Oriel  College,  and  Regius  Professor  of  Civil  Law 

in  the  University  of  Oxford.    Eighth  Ediiion.    Crown  8vo.   1$.  dd. 
Buckland.— OUR  N.ATIONAL   INSTITUTIONS.      A   Short 

Sketch  for  Schools.    By  Anna  Buckland.     i8ino.     u. 
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Buckley.— A  HISTORY  OF  ENGLAND  FOR  BEGINNERS. 

By  Arabella  Buckley.  With  Maps.  Globe  8vo.     {^In  the  press, 
Clarke.— CLASS-BOOK  OF  GEOGRAPHY.    By  C.  B.  Clarke, 

M.A.,    F.L.S.,    F.G.S.,    F.R.S.     New   Edition,  with  Eighteen 

Coloured  Maps.     Fcap.  8vo.     3^. 
Dicey.— LECTURES    INTRODUCTORY   TO   THE   STUDY 

OF  THE  LAW  OF  TPIE  CONSTITUTION.  By  A.  V.  Dicey, 

B.C.L.,  of  the  Inner  Temple,  Barrister-at-Law  ;  Vinerian  Professor 

of  English  Law ;  Fellow  of  All  Souls  College,  Oxford ;  Hon.  LL.D. 

Glasgow.     Second  Edition.     Demy  8vo.     \2s.  6d. 

Dickens's    DICTIONARY    OF    THE     UNIVERSITY     OF 
OXFORD,  1885-6.     i8mo,  sewed,     is. 

Dickens's     DICTIONARY    OF    THE    UNIVERSITY    OF 
CAMBRIDGE,  1885-6.     i8mo,  sewed,     is. 
Both  books  (Oxford  and  Cambridge)  bound  together  in  one  volume. 
Cloth.     2s.  ed. 

Freeman. — Works  by  Edward  A.  Freeman,  D.C.L.,  LL.D., 
Regius  Professor  of  Modern  History  in  the  University  of  Oxford,  Sec. 

OLD  ENGLISH  HISTORY.     With  Five  Coloured  Maps.     New 
Edition.     Extra  fcap.  8vo.     6s. 

A  SCHOOL  HISTORY  OF  ROME.    By  the  same  Author.    Crov  n 
8vo.  \In  prfparation. 

METHODS  OF  HISTORICAL  STUDY.     A  Course  of  Lectures. 
Bv  the  Same  Author.     8vo.   ioj.  (>d. 

HISTORICAL  ESSAYS.     First  Series.     Fourth  Edition.      Svo. 
loj.  dd. 
Contents :— The  Mythical  and  Romantic  Elements  in  Early  English  History— 
The   Continuity  of  English   History — The  Relations  between  the  Crown   of 
England  and  Scotland— St.  Thomas  of  Canterbury  and  his  Biographers,  &c. 

HISTORICAL  ESSAYS.  Second  Series.  Second  Edition,  with 
additional  Essays.  Svo.  loj.  dd. 
Contents  :— Ancient  Greece  and  Mediaeval  Italy — Mr.  Gadstone's  Homer  and 
the  Homeric  Ages — Tlie  Historians  of  Athens — The  Athenian  Democracy- 
Alexander  the  Great— Greece  during  the  Macedonian  Period — Mommsen's 
History  of  Rome — Lucius  Cornelius  Sulla — The  Flavian  Caesars,  &c.,  &c. 

HISTORICAL  ESSAYS.     Third  Series.     Svo.     I2.r. 
Contents : — First  Impressions  of  Rome — The  Illyrian  Emperors  and  their  Land 
— Augusta  Treveroruni — The  Goths  at  Ravenna — Race  and  Language — The 
Byzantine    Empire — First    Impressions  of  Athens — Mediaeval   and    Modern 
Greece — The  Southern  Slaves — Sicil  an  Cycles— The  Normans  at  Palermo. 

THE  GROWTH  OF  THE  ENGLISH  CONSTITUTION  FROM 

THE  EARLIEST  TIMES.     Fourth  Edition.     Crown  Svo.     5j. 
GENERAL    SKETCH    OF    EUROPEAN    HISTORY.      New 

Edition.     Enlarged,  with  Maps,  &c.     i8mo.     3J.  6</.     (Vol.  I.  of 

Historical  Course  for  Schools.) 
EUROPE.     l8mo.     is.     {History  Primers.) 
CHIEF    PERIODS    OF   EUROPEAN    HISTORY.     A  Course 

of  Lectures.     Svo.  [/«  the  press. 
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Green.  —  Works   by   John    Richard   Green,    M.A.,    LL.D., 
late  Honorary  Fellow  of  Jesus  College,  Oxford. 
SHORT    HISTORY    OF    THE   ENGLISH  PEOPLE.      With 
Coloured  Maps,  Genealogical  Tables,  and  Chronological  Annals. 
Crown  8vo.     Ss.  dd.     120th  Thousand. 
•*  Sunds  alone  as  the  one  general  history  of  the  country,  for  the  sake  of  which 
all  others,    if  young  and  old  are  wise,   will  be  speedily  and  surely  set  aside." — 
Academy. 

ANALYSIS  OF  ENGLISH  HISTORY,  based  on  Green's  "Short 
History  of  the  English  People."  By  C.  W.  A.  Tait,  M.A., 
Assistant-Master,  Clifton  College.  Crown  8vo.  y.  dd. 
READINGS  FROM  ENGLISH  HISTORY.  Selected  and 
Edited  by  John  Richard  Green.  Three  Parts.  Globe  8vo. 
\s.  6d.  each.  I.  Hengist  to  Cressy.  II.  Cressy  to  Cromwell. 
III.  Cromwell  to  Balaklava. 

Green.  —  a   short  geography  of  the  British 

ISLANDS.     By  John  Richard  Green  and  Alice  Stopkord 
Green,      With  Maps,     Fcap.  8vo.     3^.  6d. 

Grove. — a  primer  of  geography.  By  Sir  George 
Grove,  D.C.L.  With  Illustrations.  i8mo.  is.  {Science 
Primers.) 

Guest.— LECTURES  ON  THE  HISTORY  OF  ENGLAND. 
By  M.  J.  Guest.     With  Maps.     Crown  8vo.     6s. 

Historical  Course  for  Schools — Edited  by  Edward  A. 

Freeman,  D.C.L.,  LL.D.,  late  Fellow  of  Trinity  College,  Oxford, 

Regius  Professor  of  Modern  History  in  the  University  of  Oxford. 
I.— GENERAL  SKETCH  OF   EUROPEAN   HISTORY.      By 

Edward    A.    Freeman,    D.C.L.     New  Edition,   revised   and 

enlarged,  with  Chronological  Table,  Maps,  and  Index.  i8mo.  3^.  6d. 
II.— HISTORY  OF  ENGLAND.     By  Edith  Thompson.     New 

Ed.,  revised  and  enlarged,  with  Coloured  Maps.     i8mo.    2s.  6d. 
IIL— HISTORY  OF  SCOTLAND.  By  Margaret  Macarthur. 

New  Edition.     i8mo.     2s. 
IV.— HISTORY  OF  ITALY.     By  the  Rev.   W.  Hunt,   M.A. 

New  Edition,  with  Coloured  Maps.     i8mo.     y.  6d. 
v.— HISTORY  OF  GERMANY.      By  J.    Sime,    M.A.      New 

Edition  Revi  ed.     i8mo.     v. 
VI.— HISTORY  OF  AMERICA.     By  John  A.  Doyle.     With 

Maps.     i8mo.     4?.  6d. 
VII.— EUROPEAN  COLONIES.     By  E.  J.  Payne,  M.A.     With 

Maps.     i8mo.     4/.  6d. 
VIII.— FRANCE.     By  Charlotte  M.  Yonge.      With    Maps. 

i8mo.     3/.  6d. 
GREECE.     By  Edward  A.  Freeman,  D.C.L.     [/n preparation. 
ROME.    By  Edward  A.  Freeman,  D.C.L.  [/n prepara/ion. 
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History  Primers— Edited  by  John  Richard  Green,  M.A., 

LL.D.,  Author  of  "A  Short  History  of  the  English  People." 
ROME.    Bythe  Rev.  M.  Creighton,  M.A.    With  Maps.   i8mo.   is. 
GREECE.     By  C.   A.    Fyffe,    M.A.,    Fellow  and  late  Tutor  of 

University  College,  Oxford.     With  Five  Maps.     iSino.     is. 
EUROPEAN  HISTORY.      By  E.  A.  Freeman,  D.C.L.,  LL.D. 

With  Maps.      i8mo.     i^. 
GREEK  ANTIQUITIES.     By  the  Rev.  J.  P.  Mahaffy,  M.A. 

Illustrated.     i8mo.     is. 
CLASSICAL  GEOGRAPHY.   By  H.  F.  Tozer,  M.A.  i8mo.  is. 
GEOGRAPHY.     By  Sir  G.  Grove,  D.C.L.     Maps.     i8mo.     is. 
ROMAN    ANTIQUITIES.       By    Professor    Wilkins.       IUus- 

trated.     i8mo.     is. 
FRANCE.     By  Charlotte  M.  Yonge.     i8mo.     is. 
Hole.— A  GENEALOGICAL  STEMMA  OF  THE  KINGS  OF 

ENGLAND   AND   FRANCE.     By  the   Rev.    C.    Hole.     On 

Sheet,     is. 
Kiepert.— A  MANUAL  OF  ANCIENT  GEOGRAPHY.     From 

the  German  of  Dr.  H.  Kiepert.     Crown  8vo.     $s. 

Labberton.— AN  HISTORICAL  ATLAS.  Comprising  141 
Maps,  to  which  is  added,  besides  an  Explanatory  Text  on  the 
period  delineated  in  each  Map,  a  carefully  selected  Bibliography 
of  the  English  Books  and  Magazine  Articles  bearing  on  that 
Period.     By  R.  H.  Labberton,  Litt.Hum.D.     4to.     12s.  6d. 

Lethbridge. — a  SHORT  MANUAL  OF  THE  HISTORY  OF 
INDIA.  With  an  Account  of  India  as  it  is.  The  Soil, 
Climate,  and  Productions  ;  the  People,  their  Races,  Religion", 
Public  Works,  and  Industries  ;  the  Civil  Services,  and  System  of 
Administration.  By  Sir  Roper  Lethbridge,  M.A.,  CLE. 
With  Maps.     Crown  8vo.     5j. 

Ramsay. — a  SCHOOL  PIISrORY  OF  ROME.  By  G.  G. 
Ramsay,  M.A.,  Professor  of  Humanity  in  the  University  of 
Glasgow.     With  Maps.     Crown  8vo.  [In  preparation. 

Wheeler.— A  SHORT  HISTORY  OF  INDIA  AND  OF  THE 
FRONTIER  STATES  OF  AFGHANISTAN,  NEPAUL, 
AND  BURMA.  By  J.  Talboys  Wheeler.  With  Maps. 
Crown  8vo.     i-zs. 

Yonge  (Charlotte  M.).  — CAMEOS  FROM  ENGLISH 
HISTORY.  By  Charlotte  M.  Yonge,  Author  of  "The  Heir 
of  Redclyffe,"  Extra  fcap.  8vo.  New  Edition.  5j.  each.  (1) 
FROM  ROLLO  TO  EDWARD  II.  (2)  THE  WARS  IN 
FRANCE.  (3)  THE  WARS  OF  THE  ROSES.  (4)  REFOR- 
MATION TIMES.     (5)  ENGLAND  AND  SPAIN. 

KICHARD  CLAY  K^O  SONS,    LONDON   AND  BUNGAY.       ^V. 
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